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ABSTRACT
CHAPTER I. Bromonium-Initiated Epoxide-Opening Cascades: Total Synthesis of
ent-Dioxepandehydrothyrsiferol
Our foray into the total synthesis of ent-dioxepandehydrothyrsiferol has led to the
discovery and development of the bromonium-initiated epoxide-opening cascade. This
transformation constructs the signature trans-anti-trans tricyclic portion of the natural
product containing the bromo-oxepane in a single step. Further explorations into this
cascade also revealed feasibility of incorporation of exogenous trapping nucleophiles into
the reaction.
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CHAPTER 11. Synthetic Studies toward (+)-Scholarisine A
A concise and scalable route toward the monoterpene indole alkaloid (+)-
scholarisine A has been developed. Synthetic highlights of the route include: 1) cis-
selective Diels-Alder cycloaddition reaction to construct strained 5,6-fused
hydrindanones, 2) a novel indole formation via an in-situ aza-Wittig reaction, and 3) a
selective enolization and hydrolysis sequence of a diketone substrate to provide rapid
access to a key tetracyclic intermediate. Studies to access the natural product via late-
stage intramolecular indole alkylations are presented.
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PREFACE
Portions of this thesis have appeared in the following articles that were co-written by the
author, and are reproduced in part with permission from:
Total Synthesis of ent-Dioxepandehydrothyrsiferol via a Bromonium-Initiated
Epoxide-Opening Cascade.
Tanuwidjaja, J.; Ng, S.-S.; Jamison, T. F. I. Am. Chem. Soc. 2009, 131, 12084.
Part of the synthetic studies toward ent-dioxepandehydrothyrsiferol (chapter I) was
contributed by Dr. Sze-Sze Ng.
X-ray crystal structure data was collected by Dr. Peter Mbller and Dr. Michael Takase.
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Chapter I
Bromonium-Initiated Epoxide-Opening Cascades: Total Synthesis of ent-
Dioxepandehydrothyrsiferol
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A. Introduction Part 1: Halogenated Squalene-Derived Terpenoid Polyethers
Halogenated squalene-derived terpenoid polyethers comprise a class of
structurally intriguing natural products, varying primarily in the number of oxygen
heterocycles and the sizes of these rings (Figure 1).' Dioxepandehydrothyrsiferol (1),2
thyrsiferyl 23-acetate (2),3 venustatriol (3),4 thyrsiferol (4),5 thyrsenol B (5)' and enshuol
(6)6 were isolated from red algae of the genus Laurencia, whereas aurilol (7) was isolated
from the sea hare Dolabella7 and armatol A (8) from a related alga Chondria. Thyrsiferyl
23-acetate (2) was shown to potently and specifically inhibit serine/threonine protein
phosphatase 2A (PP2A) with IC, values of 4-16 [tM, depending on the enzyme
concentration.! Thyrsenol B (5) and a related natural product 16-
hydroxydehydrothyrsiferol (not shown) also exhibit significant inhibitory action on PP2A
at a concentration of 10 [tM. These natural products show similar spatial disposition for
the hydroxyl group at C15 or C16 as compared to 2, suggesting that this moiety may be
key to intrinsic activity.9
A common feature found in these natural products is the presence of a secondary
neopentyl bromide moiety within a bromo-oxane or bromo-oxepane ring. In 1, the
bromo-oxepane ring is part of a fused tricycle with a unique trans-anti-trans
connectivity. A direct and efficient construction of such a substructure was unknown
prior to this study and hence served as a motivation to undertake the total synthesis of
ent-1.'*
'Fernandez, J. J.; Souto, M. L.; Norte, M. Nat. Prod. Rep. 2000, 17, 235
2 Manriquez, C. P.; Souto, M. L.; Gavin, J. A.; Norte, M.; Fernandez, J. J. Tetrahedron 2001,57, 3117.
3 Suzuki, T.; Suzuki, M.; Furusaki, A.; Matsumoto, T.; Kato, A.; Imanaka, Y.; Kurosawa, E. Tetrahedron
Lett. 1985, 26, 1329.
4Sakemi, S.; Higa, T. Tetrahedron Lett. 1986, 27, 4287.
5 Blunt, J. W.; Hartshorn, M. P.; McLennan, T. J.; Munro, M. H. G.; Robinson, W. T.; Yorke, S. C.
Tetrahedron Lett. 1978, 69.
6 Matsuo, Y.; Suzuki, M.; Masuda, M. Chem. Lett. 1995, 24, 1043.
7 Suenaga, K.; Shibata, T.; Takada, N.; Kigoshi, H.; Yamada, K. J. Nat. Prod. 1998,61, 515.
8 Matsuzawa, S.; Suzuki, T.; Suzuki, M.; Matsuda, A.; Kawamura, T.; Mizumo, Y.; Kikuchi, K. FEBS Lett.
1994,356,272.
9 Souto, M. L.; Manriquez, C. P.; Norte, M.; Leira, F.; Fernindez, J. J. Bioorg. Med. Chem. Lett. 2003, 13,
1261.
10 We selected ent-1 as the target of our synthetic study to use the more readily available enantiomer of
fructose-derived ketone 60 (Scheme 11) to establish the configuration of the isolated epoxides (in
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Figure 1. Representative examples of the halogenated squalene-derived terpenoid
polyethers
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B. Introduction Part 2: First-Generation Approach to Access ent-
Dioxepandehydrothyrsiferol
In line with the ongoing program in our group to access polyether natural
products through epoxide-opening cascades," we embarked on the syntheses of ent-1
using such approach. This project was started by Dr. Sze-Sze Ng. 2 A strategy utilized at
the beginning of our study is delineated in Scheme 1. We planned to access the natural
product from an intermediate such as 9, via a late-stage Br installation." Intermediate 9
intermediate 61, Scheme 11): (a) Tu, Y.; Wang, Z.-X.; Shi, Y. J. Am. Chem. Soc. 1996, 118, 9806. (b)
Wang, Z.-X.; Tu, Y.; Frohn, M.; Zhang, J.-R.; Shi, Y. J. Am. Chem. Soc. 1997, 119, 11224. (c) Shi, Y. Acc.
Chem. Res. 2004,37,488.
" For our group's previous reports on epoxide-opening cascades for potential applications in natural
products syntheses: Morten, C. J.; Byers, J. A.; Van Dyke, A. R.; Vilotijevic, I.; Jamison, T. F. Chem. Soc.
Rev. 2009, 38, 3175, and references therein.
'2 Ng, S.-S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2008.
' For precedence of bromine installation from hindered alcohols with similar substitution pattern, see: (a)
Boger, D. L.; Mathvink, R. J. J. Org. Chem. 1990, 55, 5442. (b) Su, W.-S.; Fang, J.-M.; Cheng, Y.-S.
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could be obtained upon fragment coupling of tricycle 10 and epoxyfuran 12. Tricycle 10
could be constructed via a Lewis acid-initiated epoxide-opening cascade of precursor 11.
This cascade would rely on Me groups to direct the desired regioselectivity in the epoxide
opening events (vide infra)." Epoxyfuran 12, on the other hand, would come from
diepoxide 13 via a Payne rearrangement. 5
Scheme 1. Initial strategy toward ent-1 6
bromide Me H Me Me
installation H - O
ent-1 y Me, 0 5 16 0 OR"Me- OR"
-- : , 0OR'O Me H
fragm ent OM e10 0 Hcoupling Me Me Me
z ~Me' + r)Kt 1OH
0 0M
S MeMe
10 12
Methyl-Directed Electrophilic Epoxide-Opening Cascades
Pioneering work by McDonald, et al. has shown feasibility of epoxide-opening
cascades initiated by Lewis acids to construct trans-syn-trans-fused polyether fragments
containing 6- and 7-membered rings (Scheme 2)." In a precursor such as 14, the Lewis
acid typically activates the most sterically accessible epoxide, which could be followed
Tetrahedron Lett. 1995, 36, 5367. (c) Kim, D.; Kim, I. H. Tetrahedron Lett. 1997, 38, 415. (d) Ranu, B. C.;
Jana, R. Eur. J. Org. Chem. 2005, 4, 755.4 For previous use of Me directing groups in epoxide-opening events, see: (a) Valentine, J. C.; McDonald,
F. E. Synlett. 2006, 1816. (b) McDonald, F. E.; Tong, R.; Valentine, J. C.; Bravo, F. Pure Appl. Chem.
2007, 79, 281, and references therein. (c) Kumar, V. S.; Aubele, D. L.; Floreancig, P. E. Org. Lett. 2002, 4,
2489. (d) Kumar, V. S.; Wan, S.; Aubele, D. L.; Floreancig, P. E. Tetrahedron: Asym. 2005, 16, 3570. (e)
Wan, S.; Gunaydin, H.; Houk, K. N.; Floreancig, P. E. J. Am. Chem. Soc. 2007, 129, 7915.
S(a) Payne, G . J. Org. Chem. 5 1962, 27, 3819. (b) Hanson, R. M. Org. React. 2002, 60, 2.
1 Ng, S.-S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2008.
17 (a) Valentine, J. C.; McDonald, F. E. Synlett. 2006, 1816. (b) McDonald, F. E.; Tong, R.; Valentine, J.
C.; Bravo, F. Pure Appl. Chem. 2007, 79, 281, and references therein.
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by nucleophilic addition of the C6-C7 epoxide to give fused bicyclic epoxonium ion 15.
Subsequent epoxide additions occur until the oxacyclization cascade is terminated by the
tethered carbonate, giving 17. Endo-selectivity is postulated to arise due to the
thermodynamic stability of the bicyclo[4.1.0] epoxonium ion intermediate compared to
its [3.1.0] isomer. The McDonald group also demonstrated necessity of a Me directing
group distal to the trapping nucleophile for endo-closure of the final ring, though these
Me groups are not always required on every. epoxide to attain all-endo openings."
Scheme 2. Lewis acid-initiated epoxide-opening cascades2 0
Me H Me Me 1) BF3*OEt2  H Me Me
O,"0 CH2Cl2,-40 *C Me 0 OR
>0c H Me H 2) p-BrBzC, Et3 N O M H1ocO H Me 4 CH 2C2, 26% 2 steps O H 17 R = p-Brbenzyl
14 15, bicyclo[4.10.0 epoxonium ion 16, bicyclo[4.1.0] epoxonium ion
H
H BF3*OEt2, CH2Cl2, -40 *C Me O
Me c H Me He Me H=. MeM He
18 Me H MeA
Typically, a trapping nucleophile attached to an sp 2-hybridized carbon was used
in these cascades (carbonate, carbamate, or ester). A tert-butyl ester has been found to be
superior to a Me ester as a trapping nucleophile for the cascade."2 One of the most
elaborate substrate (18, derived from geranylgeraniol) features four epoxides. All of the
Me groups in this substrate correspond to the pattern found in geraniol (four bonds away
from each other).
18 McDonald, F. E.; Tong, R.; Valentine, J. C.; Bravo, F. Pure Appl. Chem. 2007, 79, 281, and references
therein.
19 Valentine, J. C.; McDonald, F. E.; Neiwert, W. A.; Hardcastle, K. I. J. Am. Chem. Soc. 2005, 127, 4586.
20 McDonald, F. E.; Wang, X.; Do, B.; Hardcastle, K. I. Org. Lett. 2000, 2, 2917.
21 McDonald, F. B.; Bravo, F.; Wang, X.; Wei, X.; Toganoh, M.; Rodriguez, J. R.; Do, B.; Neiwert, W. A.;
Hardcastle, K. I. J. Org. Chem. 2002, 67, 2515.
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Another class of electrophilic epoxide-opening cascades has been explored by
Floreancig, et al. (Scheme 3).2 The cascade is typically initiated by an oxocarbenium ion
generated by oxidative cleavage of a diphenylmethyl group. An advantage of this strategy
is the specific point of cascade initiation in the polyepoxide chan (i.e. site where the
oxocarbenium ion is generated), lending to generally higher yields. Roreancig is also the
first to demonstrate use of a polyepoxide chain with different configurations (R and S,
substrate 22) to construct a trans-anti-trans-fused polycyclic ether fragment 23.
Scheme 3. Epoxide-opening cascades initiated by oxocarbenium ion generation
syn
C, Oa H 00Ph2HC 0 OM-Bu Cat. M PF6  MeO 0Y02, hu, toluene 00OMe Me Me 0 rt,54% Me
20 21 transtrans
anti
Me
PhH . 0 H ~ 00Ph2HC 0 Ot-Bu Cat. Me PF6  MeO 0
O~~~e Me M0 2, hu, toluene0
rt,9%Me H
22 trans 23 trans
Seminal work by Horeancig and Houk showed that bicyclo[4.1.0] epoxonium ion
intermediates have a strong preference for endo-closures whilst bicyclo[3.1.01
intermediates have a strong preference for exo-closures (Table 1). Computational studies
were conducted using Gaussian03 program with B3LYP/6-31G(d) method. From
bicyclo[4.1.0] 24, transition state (TS) leading to the 7,6-fused product 25 was shown to
be lower in energy compared to that leading to the 6,5-fused product 26. This preference
was calculated to be 4.6-4.8 kcal/mol (in the presence of a Me group on the epoxide) or
1.4 kcal/mol (in the absence of a Me group). This is consistent with Horeancig's
experimental finding that absence of a Me directing group on the epoxide closest to the
trapping nucleophile led to much decreased yield of the 7,6-fused product.
22 (a) Kumar, V. S.; Wan, S.; Aubele, D. L.; Floreancig, P. E. Tetrahedron: Asym. 2005, 16, 3570. (b) Wan,
S.; Gunaydin, H.; Houk, K. N.; Floreancig, P. E. J. Am. Chem. Soc. 2007, 129,7915.
23 Wan, S.; Gunaydin, H.; Houk, K. N.; Floreancig, P. E. J. Am. Chem. Soc. 2007,129,7915.
24 Wan, S.; Gunaydin, H.; Houk, K. N.; Floreancig, P. E. J. Am. Chem. Soc. 2007, 129,7915.
17
Table 1. Preference in 6-endo vs 5-exo closures onto bicyclo[4.1.0] epoxonium ion
intermediate
Me (
a a: 6-endo O OMe
R b
Q2 O MeO H
MeO 24 OMe 25
b: 5-exo O
MeO~OI
6O MeH OMe
26
R AHrei TS 5-exo - AHrei TS 6-endo (kcal/mol)
Me 4.6-4.8
H 1.4
The methodology developed by McDonald, et al. was used to construct the fused
tricydiic portion of ent-1 in our first-generation approach because it provided the requisite
neopentyl alcohol for future Br installation. Efforts by Dr. Ng utilizing this strategy had
successfully accessed the entire carbon skeleton of ent-1." Upon exposure of 11 to
BF 3*OEt2, the desired tricyclic lactone 28 was obtained in up to 22% over two steps after
TES protection of the resultant secondary alcohol (Scheme 4). Structure of tricyclic
alcohol 27 was confirmed by X-ray crystallography. With this intermediate in hand, we
envisioned forming the C15-C16 bond of ent-1 via a Suzuki-Miyaura fragment coupling.
Toward this goal, installation of the C14 stereocenter proceeded with reduction of 28 to
the lactol, which could undergo displacement with TMSCN- to give nitrile 29 in 51 %
yield (over 2 steps) and 78:22 dr.2 6 Conversion to methyl ketone 30 was achieved using
MeMgBr in the presence of Ni(acac) 2. This could be converted to alkenyl triflate 31
through reaction with LHMDS and Comins' reagent, ready for fragment coupling.
25 Ng, S.-S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2008.
2 6 (a) Booth, H.; Dixon, J. M.; Khedhair, K. A. Tetrahedron 1992, 48, 6161. (b) Shenoy, S. R.; Smith, D.
M.; Woerpel, K. A. J. Am. Chem. Soc. 2006,128,8672.
27 Comins, D. L.; Dehghani, A. Tetrahedron Lett. 1992, 33, 6299.
18
Scheme 4. Access to alkenyl triflate 31
BF3'OEt 2, 1,2,3- Me(MeO)3-C6 H3  H 0 0
Me Q1 01. 0 Ot-Bu CH2C 2,-78 *C MMe fH
Me Me Me O RO Me
11 27 R = H TESCI, imid
DMF, 45 *C
28 R = TES 10-22% 2 steps
Me H ,.N
1) DIBAL-H, toluene, -78 *C Me, 0 14
2) TMSCN, BF3 -OEt 2, -12 to H
-5 *C, 51% from 28, 78:22 dr TESO Me H
29
Ni(acac) 2, MeMgBr, toluene
-15 to -8 'C, 50%, 93:7 dr
ORTEP representation of 27
Me H0
Me, H Me
Me
TESO Me H
30
(SO2CF3)2NC5 H3NCI, LiHMDS Me H
THF, -78 C toC Me, OH
Me '
TESO Me H
31
Access to the other coupling partner is delineated is Scheme 5: exposure of
diepoxide 1328 to an aqueous basic condition effected a Payne rearrangement, giving 12
in 59% yield. 29 Reaction with the ylide derived from trimethylsulfonium iodide followed
by bis-TIPS protection gave 32.30
Scheme 5. Synthesis of alpha olefin 323'
Me OH
Me Me
13
NaOH, THF/H 20
rt, 59% Me 1H Me
0 OH
Me
12
1) (i) (CH3)3SI, n-BuLi
THF, -15 *C to rt
(ii) TIPSCI
2) TIPSOTf, Et3N, CH2CI2
45 *C, 64% from 12
'M Me
OTIPS
:MeOTIPS
32
Progress toward fragment coupling commenced with hydroboration of 32 to 33;
treatment with aqueous Cs2 CO3, Pd(dppf)C 2, and crude alkenyl triflate 31 at 55 *C
28 McDonald, F. E.; Bravo, F.; Wang, X.; Wei, X.; Toganoh, M.; Rodriguez, J. R.; Do, B.; Neiwert, W. A.;
Hardcastle, K. I. J. Org. Chem. 2002, 67, 2515.2 9 (a) Payne, G. B. J. Org. Chem. 1962, 27, 3819. (b) Hanson, R. M. Org. React. 2002, 60, 2.
" Alcaraz, L.; Harnett, J. J.; Mioskowski, C.; Martel, J. P.; Le Gall, T.; Shin, D.-S.; Falck, J. R.
Tetrahedron Lett. 1994, 35, 5449.
3' Ng, S.-S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2008.
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provided the desired coupled product (Scheme 6). Deprotection with TBAF gave a
mixture of 34 and 35 in 46% combined yield over three steps, providing the full carbon
skeleton of ent-1.
Scheme 6. Suzuki cross-coupling to access the carbon skeleton of ent-1
CM ek -yH9-BB1N dimer 
BBN
Me THF, 55 *C Me Me
OTIPS 
. O OTIPS
OTIPS Me OTIPS Me
32 33
1) 31, PdCI 2(dppf), aq. Cs2CO3  Me H Me .H Me
THF/DMF/H 2 0, 55 C HMe,  O MeOTIPS
2) TBAF, THF, rt, 26% of 34 Me OR
and 20% of 35 from 31 HOH 34: R = TIPS, 26%
35: R = H, 20%
C. Bromine Installation Studies
My first task upon joining this project was installation of the neopentyl bromide
moiety from the alcohol (obtained after the cascade) to complete the synthesis. This
transformation was studied using model system 36 (Scheme 7). Oxepene 38 was often the
main product observed upon conversion of the alcohol to a good leaving group, followed
by treatment with various bromide sources. Examination of X-ray structural data of
tricyclic alcohol 27 (Scheme 5), which might be representative of 36, showed a p-
hydrogen antiperiplanar to the secondary alcohol. Hence, elimination would be facile
following conversion of this alcohol to a good leaving group. Attempts to convert
oxepene 38 to the desired bromide 37 under acidic conditions led only to decomposition.
Scheme 7. Summary of bromine installation studies
Me 1) CICH2SO2CI, Me H Me
~OH 0O Me 0pyr, DMAP Me 0 MeMe,0 
-~----~ 
e,,Me Me
2) LiBr,DcMPU MeH
HO r Me major product isolated
36 37 38
HBr, AcOH or PBr 3, Si02
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D. A New Approach for ent-Dioxepandehydrothyrsiferol
A new strategy was necessary to prepare ent-1, and we turned to the current
proposed biosynthesis of 1 for inspiration (Scheme 8) . Starting from tetraepoxide 39, an
enzymatic protonation could initiate an epoxide-opening cascade to give bicyclic
intermediate 40. Tetraepoxide 39 has not been isolated in nature. It is presumed to arise
from (1OR,1 1R)-squalene 10,11 -epoxide, which is the proposed common precursor to the
polyoxygenated squalene-derived ethers isolated from the Laurencia species ."
From 40, a discrete bromoetherification step to complete the fused tricyclic
portion of 1 bearing a bromo-oxepane. Support for this mechanism comes from the
isolation of predehydrovenustatriol acetate, a metabolite containing the entire carbon
skeleton of venustatriol (3), but lacking the bromo-oxane ring.34 The requisite bromenium
ion could perhaps arise from reaction of bromide ions with H20 2 as catalyzed by a
bromoperoxidase.3 s
Scheme 8. Current proposed biosynthesis of 1
H20
MeMe) 0 Me Me H: OH
Me 4 o0 acid-mediated Me
Me H' cascade Me
Me Me
Me Me 40
39 (6S,7S,10R,11R,14R,15R,18S,19S)-
squalene tetraepoxide MeMeM
HO 0 H
Br Me bromoetherfication Me, O '.
0 Me and alcohol 0Me -
Br Me elimination Br Me
41
32 Manriquez, C. P.; Souto, M. L.; Gavin, J. A.; Norte, M.; Fernandez, J. J. Tetrahedron 2001,57,3117.
3 Kigoshi, H.; Ojika, M.; Shizuri, Y.; Niwa, H.; Yamada, K. Tetrahedron Lett. 1982,23,5413.
3 4 Manriquez, C. P.; Souto, M. L.; Gavin, J. A.; Norte, M.; Fernandez, J. J. Tetrahedron 2001, 57, 3117.
* For demonstration of this enzymatic transformation to access Laurencia metabolites: (a) Fukuzawa, A.;
Aye, M.; Murai, A. Chem. Lett. 1990, 19, 1579. (b) Fukuzawa, A.; Takasugi, Y.; Murai, A. Tetrahedron
Lett. 1992, 33, 2017. (c) Fukuzawa, A.; Aye, M.; Takasugi, Y.; Nakamura, M.; Tamura, M.; Murai, A.
Chem. Lett. 1994, 23, 2307.
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Bromoetherification to form a single bromo-oxane or bromo-oxepane ring has
been used widely in the syntheses of various bromotriterpenes (Table 2).36 In the
synthesis of venustatriol,3 7 Corey used 2,4,4,6-tetrabromocyclohexa-2,5-dienone (TBCO)
and MeNO 2 to obtain 26% yield of bromo-oxane 43 with the desired Br stereochemistry.
The C3 epimer of 43 was isolated in 5% yield along with a mixture of the THF
regioisomers (61%, not shown). In the syntheses of venustatriol, thyrsiferol, and its
congeners, Matsumoto et al. independently found the need for MeNO 2 to obtain the best
regioselectivity for a similar transformation.3 s They also observed formation of THF
regioisomers (yields undetermined), though they did not isolate any of the C3 epimers.
Table 2. Representative applications of bromoetherification reactions to construct bromo-
oxanes
M e MMeo Br0 Br_ Br
F4e0 Me MeN0 2  MeII
Me :0 TBCO Me'
HM H ------- e, H H Br Br
42 Br 43TBCO
ref. yield 43 (%) comments
22a 26 C3 epimer (5%) + THF regioisomers (61%) isolated
22b 20-36 THF isomers observed, but yield not determined
In the recent synthesis of aurilol by Morimoto, et al., a precursor such as 44 was
subjected to NBS in 1,1,1,3,3,3-hexafluoro-iso-propanol (HFIP) to effect a 7-endo-trig
cyclization to give 45 in 36% yield (Table 3) ." The authors mentioned that using TBCO
in CH2 Cl2 , CH3CN, or MeNO 2 and TBCO in HFIP resulted only in complex mixtures.
36 (a) Corey, E. J.; Ha, D.-C. Tetrahedron Lett. 1988, 29, 3171. (b) Hashimoto, M.; Kan, T.; Nozaki, K.;
Yanagiya, M.; Shirahama, H.; Matsumoto, T. J. Org. Chem. 1990,55, 5088. (c) Morimoto, Y.; Nishikawa,
Y.; Takaishi, M. J. Am. Chem. Soc. 2005, 127, 5806. (d) Morimoto, Y.; Yata, H.; Nishikawa, Y. Angew.
Chem. Int. Ed. 2007,46,6481.
3 7 Corey, E. J.; Ha, D.-C. Tetrahedron Lett. 1988, 29, 3171.
38 Hashimoto, M.; Kan, T.; Nozaki, K.; Yanagiya, M.; Shirahama, H.; Matsumoto, T. J. Org. Chem. 1990,
55,5088.
39 Morimoto, Y.; Nishikawa, Y.; Takaishi, M. J. Am. Chem. Soc. 2005, 127,5806.
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This methodology was also employed to access a closely related bromotriterpene,
enshuol.44
Table 3. Representative applications of bromoetherification reactions to construct bromo-
oxepanes
Me
Me 0 Me MeH H
44
Me
NBS, MS 4A B
HFIP4
Me MeH H
45
ref. yield 45 (%) comments
22c 36 other products were unidentifiable
22d 20 -
Though bromoetherifications enable stereoselective access to bromo-oxanes and
bromo-oxepanes for the syntheses of bromotriterpenes, these reactions still suffer from
poor yields and regioselectivities.
A biogenesis in which an epoxide-opening cascade is initiated by formation of a
bromonium ion has been proposed for thyrsiferol 41 venustatriol ,42 and enshuol,43 prior to
isolation of predehydrovenustatriol acetate in 2001 (Scheme 9). Such a transformation
involving a multiepoxide chain has not been reported prior to our studies. However,
precedences involving one epoxide have been observed in the literature (Scheme 10).
Scheme 9. A bromonium-initiated epoxide-opening cascade to access 1
H20
MeMe
Me Me 0 .
GBr 
Me
39 (6S,7S,10R,11R,14R,15R,18S,19S)-
squalene tetraepoxide
bromonium-initiated
epoxide-opening cascade
and alcohol elimination
Me H
M HMe,, 0
Me,
Br MeH
40 Morimoto, Y.; Yata, H.; Nishikawa, Y. Angew. Chem. Int. Ed. 2007,46,6481.
41 Hashimoto, M.; Kan, T.; Nozaki, K.; Yanagiya, M.; Shirahama, H.; Matsumoto, T. J. Org. Chem. 1990,
55,5088.
42 Sakemi, S.; Higa, T. Tetrahedron Lett. 1986, 27, 4287.
43 Matsuo, Y.; Suzuki, M.; Masuda, M. Chem. Lett. 1995,24, 1043.
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McDonald used Br(coll) 2Cl0 4 in CH2Cl2 or CH 3CN to construct a 3:2 mixture of
bicyclic carbonates 47 and 47' from monoepoxide 46 in 51% yield (Scheme 10).'
Holton, on the other hand, utilized a phenylselenium ion to initiate an epoxide-opening
event to construct two rings in hemibrevetoxin B simultaneously. 45 Diastereoselectivity in
the latter transformation arose from the (Z)-substituent of the double bond.4 6 We surmised
that a bromonium-initiated cascade involving a multiepoxide chain likely to be operative
in the biosynthesis of 1 (Scheme 9) and decided to pursue such a strategy toward ent-1.
Given the result previously reported by McDonald, et al., and the fact that the nearest
epoxide stereocenter was three bonds away from the site of bromonium ion formation, we
expected a mixture of diastereomers to be formed at the new secondary bromide position.
Scheme 10. Precedences of single-epoxide cyclizations initiated by alkene activation
Me Me Me Me
Me 91.0 Ot-Bu Br(coII) 2C104  Me -. 0 Me- oH G ~-
M- Br 0 + Br 0 Me N-Br-N Me
Me Me -0 CH2CI2 or 001 ,Q 0'CH3CN, 51% Me Me CIO Me Me
46 47 47'
3:2 Br(coll) 2CIO4
BnO OTIPS 8mom BnO" K TIPSMe H OMOM
e"t me 0 IK~~NePh Me"WM . Bn 0Bnl M/ H 1 0 FIP,83% HH H
me H H 2) 30% aq. H20 2, 91% H
48 4
E. Model Studies of the Bromonium-Initiated Cyclizations
Initial cyclization studies were conducted using monoepoxide model system 50
with a tert-butyl ester trapping nucleophile (Table 4). Using the conditions reported by
McDonald, et al. (using Br(coll) 2Cl0 4 and CH 2 C12 as the solvent),' no desired product
was obtained (entry 1). However, using highly polar non-nucleophilic solvent 1,1,1,3,3,3-
hexafluoro-iso-propanol (HFIP),48 the desired bicyclic lactones 51 and 51' were obtained
44 Bravo, F.; McDonald, F. E.; Neiwert, W. A.; Hardcastle, K. I. Org. Lett. 2004,6, 4487.
45 Zakarian, A.; Batch, A.; Holton, R. A. J. Am. Chem. Soc. 2003, 125, 7822.
46 Zakarian, A. Ph.D. Dissertation. Florida State University, 2001.
47 Bravo, F.; McDonald, F. E.; Neiwert, W. A.; Hardcastle, K. I. Org. Lett. 2004, 6, 4487.
48 (a) Zakarian, A.; Batch, A.; Holton, R. A. J. Am. Chem. Soc. 2003, 125,7822. (b) Schadt, F. L.; Schleyer,
P. V. R.; Bentley, T. W. Tetrahedron Lett. 1974, 2335. HFIP has the following Hansen Solubility
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in 73-76% combined yield (as a 1:1 mixture of C3 diastereomers, entry 2). The
significant increase in yield is consistent with Holton's observation that use of a polar
solvent promoted SN1-type transition states, perhaps due to stabilization of the positive
charges.4 The bromonium-initiated cyclization could be conducted using either NBS or
Br(coll)2Cl0 4.
Table 4. Bromonium-initiated cyclization studies using monoepoxide model systems
Me X Ot-Bu Br reagent Me Br11?" solvent r~I
46, 50
0Me
47, 47', 51, 51'
entry substrate X solvent product yield (%)8
NBS Br(coll)2CIO4
1 50 CH2  CH2CI2  51, 51' na -
2 50 CH2  HFIP 51,51' 76 73
3 46 0 HFIP 47, 47' 91 99
a Isolated as a 1:1 mixture of diastereomers in all cases.
When the new conditions were applied to monoepoxide substrate 46 bearing a
tert-butyl carbonate trapping nucleophile, carbonates 47 and 47' were obtained in nearly
quantitative yields, significantly improved from the previously reported value (entry 3)."0
A closer look at the properties of HFIP might explain why this solvent was very
suitable for the bromonium-initiated cyclizations.5 ' As Table 5 shows, HFIP is inferior
only to trifluoroacetic acid with regards to ionizing power (Y) and nucleophilicity (N). Y
was calculated as in equation 1, where k' is a rate constant for solvolysis of 2-adamantyl
tosylate (2-AdOTs) in any solvent and k'. is the rate constant in 80% v/v EtOH/H 20. 2-
AdOTS was chosen as a reference for SN'-type behavior as solvents usually play no role
Parameters (MPaO-5): od = 14.17, 6, = 2.41, oh = 13.89: (c) Pospiech, D.; Gottwald, A.; Jehnichen, D.;
Friedel, P.; John, A.; Harnisch, C.; Voigt, D.; Khimich, G.; Bilibin, A. Y. Colloid Polym. Sci. 2002, 280,
1027.
49 (a) Zakarian, A.; Batch, A.; Holton, R. A. J. Am. Chem. Soc. 2003, 125, 7822. (b) Zakarian, A. Ph.D.
Dissertation. Florida State University, 2001.
5 Bravo, F.; McDonald, F. E.; Neiwert, W. A.; Hardcastle, K. 1. Org. Lett. 2004,6,4487.
5 1 (a) Bentley, T. W.; Schadt, F. L.; Schleyer, P. V. R. J. Am. Chem Soc. 1972, 94, 992. (b) Schadt, F. L.;
Schleyer, P. V. R.; Bentley, T. W. Tetrahedron Lett. 1974, 2335.
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as nucleophiles in its hydrolysis. The nucleophilicity parameter (N) was calculated using
equation 2, where k is a rate constant for solvolysis of MeOTs in any solvent and k. is the
rate constant for solvolysis of MeOTs in 80% aqueous EtOH. The considerable lower
acidity of HFIP relative to TFA (pKa 9.3 as opposed to -0.23 in H20) enables an
epoxide-opening cascade reaction to be performed in this solvent without nonspecific
hydrolyses.
Table 5. Relevant physical properties of HFIP
solvent Y (ionizing power) N (nucleophilicity)
CF3CO 2H 4.57 -5.56
(CF,) 2CHOH 3.61 -4.18
CF3CH2OH 1.83 -2.79
HCO 2H 3.04 -2.35
CH3 CO 2H -0.61 -2.35
80% CH 3CH 2OH/H 20 0.00 0.00
Y = log (k'/k'.)
k' = rate constant for solvolysis of 2-adamantyl tosylate (2-AdOTs) in any solvent
k', = rate constant in 80% v/v EtOH/HO
(I)
(2)N = log (k/ko)MeOT, - 0.3Y
k = rate constant for solvolysis of MeOTs in any solvent
k= rate constant for solvolysis of MeOTs in 80% aqueous EtOH
Encouraged by the result obtained with the monoepoxide substrates, we applied
the method to diepoxide substrates containing a carbonate, tert-butyl ester, or alcohol
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trapping nucleophiles (Table 6, 52-54). In most cases the yield did not depend
significantly upon the reagent used for bromonium formation, yet a tert-butyl carbonate
or a tert-butyl ester trapping nucleophile generally gave a higher yield than did a primary
alcohol.
Table 6. Bromonium-initiated cyclization studies using diepoxide model systems
substrate product yield(%)8
NBS Br(coll)2CIO4
Me Me
Me 0e
MeO Ot-Bu Me 
66 65
52 Br H
Me Me
Me 0" 0 H ~0 Me 73M, 61
M ~ Me Ot-Bu Me
53Brc Me H 58, 56'
Me OH Me 57' 58 52
4Brc Me H7, 57'
a Isolated as a 1:1 mixture of diastereomers in all cases.
Syntheses of substrates 52-54 are shown in Scheme 11. Starting from (E,E)-
farnesol, Sharpless asymmetric epoxidation with L-(+)-DIPT gave monoepoxide 58.52
After TIPS protection of the primary alcohol, allylic oxidation (cat. Se0 2 , t-BuOOH,
salicylic acid) proceeded at the C2-C3 alkene to give allylic alcohol 59.53 Due to a
number of possible oxidation sites in the precursor, this reaction had to be resubjected
twice to avoid over-reduction side products. Following this, acetylation served to
deactivate the C2-C3 alkene such that the ensuing Shi epoxidation with ketone 6 0 '
proceeded site-selectively at the C6-C7 alkene, giving diepoxide 61. After hydrolysis of
the allylic acetate, mesylation followed by allylic bromide generation gave a substrate for
52 Gao, Y.; Handon, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.; Sharpless, K. B. J. Am. Chem. Soc.
1987, 109,5765-5780.
" (a) Bhalerao, U. T.; Rapoport, H. J. Am. Chem. Soc. 1971, 93, 4835. (b) Umbreit, M. A.; Sharpless, K. B.
J. Am. Chem. Soc. 1977, 99, 5526-5528. (c) Tomooka, K.; Suzuki, M.; Shimada, M. Yanagitsuru, S.;
Uehara, K. Org. Lett. 2006, 8, 963.
(a) Tu, Y.; Wang, Z.-X.; Shi, Y. J. Am. Chem. Soc. 1996, 118,9806. (b) Wang, Z.-X.; Tu, Y.; Frohn, M.;
Zhang, J.-R.; Shi, Y. J. Am. Chem. Soc. 1997, 119, 11224. (c) Shi, Y. Acc. Chem. Res. 2004,37,488.
* Wang, Z.-X.; Shi, Y. J. Org. Chem. 1998,63, 3099.
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a LiBEt3H reduction. This effectively removed the C2-C3 alkene deactivating group,
giving 62. Silyl deprotection gave 63, a common intermediate to access 52-54.
Scheme 11. Strategy for alkene differentiation
L-(+)-DIPT, Ti(Oi-Pr)4, t-BuOOH, 4A MS, CH 2Cl2
-48 *C, 88%, 82% ee Me OH(E,E)-famesol -
Me Me Me
58
1) TIPSCI, imidazole
CH2CI2, rt, 90%
2) cat. SeO 2 , t-BuOOH
salicylic acid, CH2CI2
rt, 73% (2 resubjections)
HO OTIPS
Me Me Me
59
1) aq. LiOH,
THF/MeOH/H 20, rt, 84%
2) (i) MsCI, Et3N, CH 2CI2
-78 to -10 *C
(ii) LiBr, THF, 0 to 8 *C
3) LiBEt3H, THF
-78 *C, 69% overall
1) Ac2O, Et3N, DMAP
CH2CI2, rt, 89%
2) Shi ketone (60), Oxone
Bu4NHSO 4, K2CO3, Na2B4pH 10.5, DMM/CH 3CN/H 20
*C, 30 min, 75%, 3:1 dr
Me '1 0 OTIPS
Me Me Me
62
:"AcO OTIPSAcO
07 Me Me 61 Me
,0
TBAF, THF Me 0 OH
rt, 85% Me Me Me
63
Me
Me 0' ' O Me
S t 0
Shi ketone 60
From intermediate 63, Boc protection gave diepoxide 52 (Scheme 12). On the
other hand, conversion to iodide 64 gave a substrate for displacement with an enolate
derived tert-butyl acetate to give diepoxide 53. Lastly, a two-step reduction of ester 53
(DIBAL-H followed by NaBH 4) gave alcohol 54.
Scheme 12. Syntheses of diepoxide model substrates 52-54
Me OH Boc2O, 1-Meimidazole
Me Me Me PhMe, 0to 5 'C, 77%63
PPh3, imidazole
12, CH 2CI20 *C to rt, 4 h, 86%
Me 0 LIDA, CH3CO2C(CH 3)3
THF/HMPA,-78 'CMe Me 64 Me 82%
Me 0 0 Me
M M MeMe Me Me 0 Me
52
Me 0 0 0 Me
>meMe Me Me 0 Me
53
1) DIBAL-H, CH 2CI2, -83 *C, 76%
2) NaBH4, MeOH, 0 *C, 78%
Me 0 OH
Me Me Me54
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Though a 1:1 mixture of diastereomers was isolated in each of the bromonium-
initiated cyclizations, when one such mixture (56, 56') was subjected to base, the
diastereomer with the relative configuration found in ent-1 (56) was more resistant
toward elimination (Scheme 13). Not surprisingly, the diastereomer that underwent facile
elimination (56') was of the same relative configuration as model system 36 (Scheme 7).
Interestingly, an oxepene as part of a 7,7,6-fused tricycle has been observed in the natural
product armatol A (8), suggesting that a Br elimination event might have occurred in the
natural system.
Scheme 13. Differential aptitudes of diastereomers 56 and 56' toward elimination
M e MeH 0O 0 H Me -
e, 0 DBU, DMS0 e + e
e 0T 0h me Me
I0C0 Me Br"' M
Br~c em Me H~~0
56, 56' 65 56
F. A New Cascade to Construct the Tricyclic Fragment of ent-
Dioxepandehydrothyrsiferol and Completion of the Synthesis
Though 56 could potentially be carried forward to complete the synthesis (as in
Schemes 4 and 6), we proposed a new cascade to construct the tricyclic portion of ent-1:
utilizing triepoxide 66 to give tetracycle 67 (Scheme 14). An advantage to this new
strategy would be construction of the C14 stereocenter in the cascade, which previously
took a number of steps to construct (Scheme 4). A tert-butyl carbonate was chosen as the
intramolecular trapping nucleophile in place of a tert-butyl ester previously used in 11,
for more straightforward elaboration toward fragment coupling (vide infra).
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Scheme 14. A new cascade for the construction of the tricyclic fragment of ent-1
Mefragment Me H 0
coupling H -. 0 "0 MMe, 0 14 Meent- = e'.0 + 0 O
Br"~ Me 12
67
A bromonium-initdated epoxide-
opening cascade
Me
Me 0. 0 0 0 Me
0 Y )Me
Me Me Me 0 Me
66
Access to triepoxide 66 started with diepoxide 63 (Scheme 15). Parrikh-Doering
oxidation was followed by reaction with (carbethoxymethylene)triphenylphosphorane to
to give enoate 68. Conjugate reduction with Stryker's reagent," followed by DIBAL-H
reduction gave aldehyde 69. This was a substrate for a second Wittig homologation with
2-(triphenylphosphoranylidene)propionaldehyde to give trisubstituted allylic alcohol 70
after NaBH 4 reduction. Sharpless asymmetric epoxidation installed the third epoxide in
80% yield and 95:5 overall dr.57 Lastly, Boc protection attached the trapping nucleophile
for this cascade.
Scheme 15. Access to triepoxide 66
1) S03-pyr, Et3 N
0 DMSO, CH 2CI2Me OH 0 *C to rt, 81% Me 0
Me Me Me CH2C2, rt, 99% Me Me Me OEt
63 68
1) Ph3P=C(CH 3)CHO
1) [(Ph3P)CuH]e, PhSiH3  0 0 PhH, reflux
THF 0 C to rt, 1 h, 95% Me O 64%, >95:5 EIZ
2) DIBAL-H, PhMe Me Me Me H 2)NB 4, Me0
-78 *C, 45 min, 73% 0C, 81%
69
1) L-(+)-DET, Ti(Oi-Pr)4, t-
Me BuOOH, 4A MS, CH2CI2  Me
Me 911. 0 -48 *C, 80%, 95:5 dr Me O" 0 0 Ot-Bu
2) Boc2 O, PhMe .0Me Me Me OH 0 *C to rt, 4 h, 68% Me Me Me 0
70 66
56 Lipshutz, B. H.; Keith, J.; Papa, P.; Vivian, R. Tetrahedron Lett. 1998, 39, 4267.
57 Gao, Y.; Handon, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.; Sharpless, K. B. J. Am. Chem. Soc.
1987, 109,5765-5780.
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Upon exposure of 66 to NBS in HFIP at 0 *C for 15 min, tetracycles 67 and 67'
were obtained in 72% combined yield as a 1:1 mixture of C3 epimers (Scheme 16). After
chromatographic separation, basic hydrolysis of the cyclic carbonate moiety of 67 was
followed by diol cleavage with NaIO4 to give methyl ketone 71. This was converted to
alkenyl triflate 72 using Comins' reagent and LHMDS as before.
Scheme 16. Elaboration to alkenyl triflate 72
NBS, HFIP MeO H 0
66 4AMMS , Me 00 C, 15 min Me
Br' MeH 67, 36% + C3 epimer(67', not shown) 36% ORTEP representation of 67
LHMDS, Comins' Me
1) NaOH, MeOH, rt, 83% Me H reagent, THF, -78 *C H O
2) NalO 4, THF/H 20, rt, 96% M Me quant- Me,, OTfMe, Me 'Me-'0
Br' 'eH Br" Me 72Mr -/Ie 71 7
The other fragment-coupling partner 73 was constructed using the same strategy
as before (Scheme 17). Starting from geraniol, Sharpless asymmetric epoxidation"
followed by Shi epoxidation 9 gave diepoxide 13.0 This was then subjected to aq. NaOH
in THF to effect a Payne rearrangement, giving 12.61 After a one-carbon homologation
using the ylide derived from trimethylsulfonium iodide,62 smaller silyl groups (TES) were
attached to facilitate the final deprotection step.
5 Gao, Y.; Handon, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.; Sharpless, K. B. J. Am. Chem. Soc.
1987,109,5765-5780.
" (a) Tu, Y.; Wang, Z.-X.; Shi, Y. J. Am. Chem. Soc. 1996, 118, 9806. (b) Wang, Z.-X.; Tu, Y.; Frohn, M.;
Zhang, J.-R.; Shi, Y. J. Am. Chem. Soc. 1997, 119, 11224. (c) Shi, Y. Acc. Chem. Res. 2004,37,488.
* McDonald, F. E.; Bravo, F.; Wang, X.; Wei, X.; Toganoh, M.; Rodriguez, J. R.; Do, B.; Neiwert, W. A.;
Hardcastle, K. 1. J. Org. Chem. 2002, 67, 2515.6 1 (a) Payne, G. B. J. Org. Chem. 1962, 27, 3819. (b) Hanson, R. M. Org. React. 2002, 60, 2.
62 Alcaraz, L.; Harnett, J. J.; Mioskowski, C.; Martel, J. P.; Le Gall, T.; Shin, D.-S.; Falck, J. R.
Tetrahedron Lett. 1994, 35, 5449.
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Scheme 17. Synthesis of coupling partner 73
1) L-(+)-DET, Ti(Oi-Pr)4, t-BuOOH,
4A MS, CH2C 2, -50 to -40 *C
geraniol 95%, 84% ee
2) Shi ketone (60), Oxone, Bu4NHSO4,K2CO 3, Na2B40 7, pH 10.5,DMM/CH 3CN/H 20, 0 *C, 83%, 95:5 dr,
95% ee (after recrystallization of the p-
NO 2Bz derivative)
0 H
Me
12
1) (CH3)3SI, n-BuLi
THF, -13 to 5 *C, 73%
2) TESCI, imid, DMF, rt
95%
91. 0Me: OH
Me Me
13
e H
__(VMe
OTES
OTES
73
After hydroboration of 73 to 74 (9-BBN dimer, THF, 60 *C), exposure to triflate
72 under Suzuki-Miyaura fragment-coupling condition gave adduct 75 in 78% yield
(Scheme 18). As compared to before, the coupling was carried out at a lower temperature
to avoid complications involving the sp 3 C-Br atom. Smaller silyl groups facilitated the
final deprotection step using TBAF. Hence, the first total synthesis of ent-1 featuring a
biomimetic bromonium-initiated epoxide-opening -cascades has been achieved.'
Scheme 18. Completion of the synthesis of ent-1
Me H BBNMe, 0 a ~ F MeM H O OTf OTES
Br" - H 72OTETES
Br me 72 L7TE4M
PdCl 2(dppf), aq. Cs2CO3THF/DMF/H 20, 40 *C, 78%
from 72
Me H Me HMe
Me, OH . MeORMe OR
OHBr' Me 75: R =TES TBAF, THF
ent-1: R = H rt, 83%
The bromonium-initiated cyclization was also applied to the synthesis of a related
natural product armatol A (8)." An intriguing feature of this natural product is the cis
relationship between the H and Me groups found on the lone bromo-oxepane moiety
63 Tanuwidjaja, J.; Ng, S.-S.; Jamison, T. F. J. Am. Chem. Soc. 2009, 131, 12084.
" Underwood, B. S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2010.
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NaOH, THF/H 20
rt, 59%
(Table 7). This necessitated use of a cyclization precursor derived from nerol, 76.
Consistent with our earlier finding, upon switching solvent from CH3CN to HFIP, yield
of the desired product 77 was increased significantly. Though the yield was not as high as
the trans analogue (46, Table 4), this represents the first example of cyclization of a cis
epoxide in an electrophilic epoxide-opening cascade.
Table 7. Application of the bromonium-initiated cyclization to a precursor bearing a cis
epoxide
0 Ot-Bu Me Me OH Me
M Br(coll)2C104  me B- 0 H -
Me0solvent Br *M,- ee0 :00 Br Me. 0JrMe Me Me cis Me
76 77 armatol A (8)
solvent t (*C) yield (%)
CH3CN -40 25
HFIP 0 50
G. Additional Bromonium-Initiated Epoxide-Opening Cascade Model Studies:
Incorporation of Exogenous Trapping Nucleophiles
One of the other uses of the bromonium-initiated epoxide-opening cascade would
be to probe feasibility of incorporation of an intermolecular trapping nucleophile into the
reaction (such as water, depicted in Scheme 19) to give a product such as 78. Potentially,
this could enable a more biomimetic approach to the fused tricyclic portion of ent-1 (after
an elimination event of 78 to install the a-olefin). To explore this methodology,
substrates such as 79-82 were designed (Scheme 19). Though the syn or anti relationship
between epoxides in a substrate did not affect cyclization yields significantly in cases
where intramolecular trapping nucleophiles were used, 5 a systematic study using
intermolecular nucleophiles has yet to be demonstrated.
65 Based on our cyclization studies with substrates 11 and 66, and previously reported work by Floreancig
et al.: Wan, S.; Gunaydin, H.; Houk, K. N.; Floreancig, P. E. J. Am. Chem. Soc. 2007, 129,7915.
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Scheme 19. Substrates for study of incorporation of intermolecular trapping nucleophiles
Goal: H0H me H OH Me H
H2 H H 0
Br®M MeMO Me. OS
0e 0"., Me* elimination Me *
Me B Me
?Me Me Me Br M8er
39 (6S,7S,1OR,11R,14R,15R,18S,19S)- 7
squalene tetraepoxide
Substrates for study:
Me 9,,. 0
Me~ .Me
Me Me Me
79
Me Me
Me Me 80 Me
Me
Me Me
Me Me
81
Me
Me~ Me
Me Me
82
A stereodivergent route to access diepoxides 79 and 80 is shown in Scheme 20.
Starting from known intermediate 59, acetylation followed by asymmetric epoxidation
using the Shi (60) or ent-Shi (ent-60) catalyst could give 61 or 83, respectively." From
61, the same sequence of steps as depicted in Scheme 11 gave 63. Tosylation of 637 was
followed by displacement with an organocuprate reagent derived from n-BuLi to give 79.
From 83, removal of the allylic acetate group gave 84, and tosylation and displacement as
before gave 80.
66 A procedure to ent-60 was first reported in reference 10(b). This procedure was not amenable to large-
scale synthesis; Yutaka Ikeuchi provided a convenient new route that will be disclosed in due course.
67 Yoshida, Y.; Sakakura, Y.; Aso, N.; Okada, S.; Tanabe, Y. Tetrahedron 1999, 55, 2183.
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Scheme 20. Syntheses of diepoxides 79 and 80
0
HO OTIPS
Me Me Me
59
1) Ac2O, Et3N, DMAP
CH2Cl2, rt, 89%
2) Shi ketone (60), Oxone,
Bu4NHSO 4, K2 C03, Na2B4O7pH 10.5, DMM/CH 3CN/H 20, 0
*C, 30 min, 75%, 3:1 dr
AcO 0 OTIPS
AcO -
Me Me Me
see
Scheme 11
Me OH
Me Me Me
63
1) TsCI, Et3N, (CH3)3NeHCI
CH2C 2, 0 *C, 78%
2) n-BuLi, Cul, Et20, -30
*C, 71%
q. 0Me Me
Me Me Me
79
1) Ac2O, Et3N, DMAP
CH2CI2, rt, 89%
2) ent-Shi ketone (ent-60), Oxone,
Bu4 NHSO4 , K2CO3, Na2B40 7, pH10.5, DMM/CH 3CN/H 20, 0 *C30 min, quant.
AcO 0 0 OTIPS
Me Me Me
83
3 steps, 34%
overall yield
Me OH
Me Me Me
84
1) TsCl, Et 3 N, (CH3)3N-HCI
CH2Cl2, 0 *C, 95%
2) n-BuLi, Cul, Et2O -30 *C
67%
Me 0 0
Me~ Me
Me Me Me
80
Cyclization studies of diepoxide 79 with various nucleophiles is shown in Table
8. A carboxylate (entry 1), primary alcohol (entry 2), or even water (entry 3) could give
bicyclic products 85, 85'-87, 87' in good yields. If no exogenous nucleophiles were
added, HFIP itself could be incorporated to form 88, 88' (entry 4). Use of a hydroxide
base gave both alcohols 87, 87' and hexafluorinated products 88, 88', perhaps arising
from initial deprotonation of the solvent (entry 5).
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Table 8. Incorporation of exogenous trapping nucleophiles
Me C Br reagent Me H MeMe HIFIP me OR
Me Me M exogenous BrMe Me Me nucleophile Me H 'C5H11
79 85, 85'-88, 88'
entry Br® reagent nucleophile (equiv) R product yield (%)a
1 NBS Bu4NOAc (1.5) Ac 85, 85' 74b
2 Br(coll)2CIO 4  EtOH (56) Et 86, 86' 56c
3 NBS H20 (125) H 87, 87' 41b
4 Br(coll)2CIO 4  - CH(CF 3)2  88, 88' 33c
5 NBS CsOH-H 20 (1.5) H 87,87 45b
CH(CF 3)2  88,88' 19b
a Isolated as a 1:1 mixture of diastereomers in all cases.
Diepoxide 80 also gave a good result upon cyclization with NBS in HFIP in the
presence of n-Bu4NOAc (Scheme 21). The desired bicyclic acetates 89 and 89' were
obtained in 58% combined yield, comparable to that obtained using 79.
Scheme 21. Cyclization of 80 with an acetate trapping nucleophile
NBS, n-Bu 4NOAc, 4A Me , H Me
Me C6H1 MS, HFIP, 0 *C, 58% Me OAc
C H1 Br
Me Me Me MeH CH11
80 89, 89'
With this promising result, we embarked on a stereodivergent route to access both
81 and 82 (Scheme 22). Starting from geraniol, Sharpless asymmetric epoxidation gave
epoxygeraniol 90." TIPS protection of the primary alcohol was followed by allylic
oxidation to give an enal, which was reduced with NaBH 4 to give 91 in 51% yield (over
three steps). After SEM protection of the allylic alcohol, TBAF deprotection was
followed by Parrikh-Doering oxidation to give aldehyde 92. Wittig homologation with
(carbethoxymethylene)triphenylphosphorane as before gave 93 after conjugate reduction
of the enoate. 69 DIBAL-H reduction gave an aldehyde substrate for reaction with
isopropyl(triphenyl)phosphonium bromide. After obtaining trisubstituted alkene 94, the
SEM group was switched to a p-NO2Bz, which has been shown to be superior in
68 Gao, Y.; Handon, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.; Sharpless, K. B. J. Am. Chem. Soc.
1987, 109,5765-5780.
69 Lipshutz, B. H.; Keith, J.; Papa, P.; Vivian, R. Tetrahedron Lett. 1998,39,4267.
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deactivating the C2-C3 alkene toward Shi epoxidation.'" From this intermediate, use of
60 gave 96, while use of ent-60 gave 97. After benzoate cleavage, removal of the allylic
alcohol moiety was conducted as described previously, with conversion to allylic
mesylate and bromide, followed by LiBEt3H reduction.
Scheme 22. Syntheses of diepoxides 81 and 82
Me OH
Me Me
90
0
SEMO
Me Me
92
1) TIPSCI, imid, CH2CI2, rt
2) cat. SeO 2 , t-BuOOH
salicylic acid, CH2CI2, rt
3) NaBH 4, MeOH, 0 'C
51% 3 steps
1) Ph 3P=CHCO 2Et
.0 CH2CI2 , rt, 96%
2) [Ph3 PCuH]6 , PhSiH 3THF, 0 *C to rt, 93%
HO 0 OTIPS
Me Me
91
0
SEMO
Me Me OE
93
1) SEMCI, DIPEA, CH 2CI2, rt2) TBAF, THF, rt
89% 2 steps
3) S0 3*pyr, DMSO, Et3 NCH2CI2, 0 *C to rt, 95%
1) DIBAL-H, toluene
O -78 *C, 89%
2) (CH3)2CHPPh 3Br, t-t BuOK, THF, 0 *C to rt, 70%
Me
SEMO -- Me
Me Me
94
1) CsF, HMPA
120 *C
2) p-NO 2BzCI
CH2Cl2, rt88% 2 steps
Me
p-NO 2BzO - Me
Me Me
95
1) Shi ketone (60), Oxone,
Bu4NHSO 4, K2CO3,Na2B40 7, pH 10.5
DMM/CH 3CN/H 20, 0 *C30 min, 83%
2) K2CO3, MeOH rt, 80%
Me
HO Me
Me Me
96
1) (i) MsCl, Et3N, CH 2CI2
-10 *C
(ii) LiBr, THF, -10 to 0 *C
2) LiBEt 3H, THF
-78 *C, 63% overall
Me
Me O . Me
Me Me
81
1) ent-Shi ketone (ent-60),
Oxone, Bu4NHSO 4,K2C0 3, Na2B40 7, pH 10.5DMM/CH 3CN/H 20, 0 *C30 min, 85%, 4:1 dr
2) K2CO 3, MeOH rt, 89%
Me
HO -Me
Me Me 0
97
1) (i) MsCl, Et3N, CH 2CI2
-10 *C
(ii) LiBr, THF, -10 to O *C
2) LiBEt3H, THF
-78 *C, 68% overall
Me 0Me
Me Me
Me Me 0
82
7 0 Tong, R.; Boone, M. A.; McDonald, F. E. J. Org. Chem. 2009, 74, 8407.
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Unlike our previous observation, cyclization of 81 using NBS in HFIP with n-
Bu 4NOAc led only to complex mixtures of products. This is also observed with 82. The
only condition when we saw a cyclization product with 82 was when MeNO 2 was used as
the solvent together with Br(coll) 2Cl0 4 as the bromonium source and the reaction started
at -20 *C. Rather than the desired bicyclic product, however, monoepoxides 98, 98' were
isolated in 22% combined yield (Scheme 23). The desired bicyclic products 99 and 99'
were not observed. When this condition was repeated with 81, only a complex mixture of
products was obtained. Consistently, cyclization of all-R squalene pentaepoxide" 100
gave bicycle 101 as one of the major product. The yield of the single diastereomer
isolated was comparable to that obtained upon cyclization of 82. These outcomes were
not expected, given our success with cyclization of substrate 66.
Scheme 23. Incomplete cyclizations of substrates 82 and 100
Me:e
....... ........ .... Brcol)CO n-uN c O Me Me O
Me B 0CICnBUN:O MeNO 2, -20 *C to rt, 22% H Br
M-------- --- ----- - B Mem 0e r0 M_ Me Me
82 98, 98' 99, 99' desired products not observed
Me: Me Me Me Me OMe
Me Me.Br(coll) 2C104, n-Bu 4NOAc H OAcMe. ": 6 6Me MeNO 2  Me,. 0H ~
Me Me Me 
-20 'C to rt, 8% Me O ~H.
-................... Br Me O":
100 all-R squalene pentaoxide Br 101 Me Me
Modeling studies were undertaken to compare epoxonium ion intermediates
leading to 89 (structure 102) and 98 (structure 103, Table 9).7 Steric interaction between
the two Me groups in 103 caused this intermediate to be 5 kcal/mol higher in energy than
102. This computed value is consistent with the experimentally obtained energy of a 1,3-
diaxial Me-Me interaction (3.7 kcal/mol)." As formation of 103 was discouraged, the
7 Please see the Experimental Section for synthesis of this substrate.
72 Spartan 2010; Wavefunction, Inc: Irvine, CA. Calculations were carried out using Hartree-Fock 3-21G
basis set.
7' Allinger, N. K.; Miller, M. A. J. Am. Chem. Soc. 1961,83, 2145.
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exogenous acetate outcompeted intramolecular nucleophilic trap by the second epoxide,
leading to formation of 98.
Table 9. Relative energies of epoxonium ion intermediates leading to 89 (102) and 98
(103) calculated using Spartan with Hartree-Fock 3-21G basis set
intermediate Ee (kcal/mol)
Me
@ 06Me
Me O O eBr
'5 0 Me0H
Me
102
H
Me
Me 0o
O O Br
H ..aH Me 5
H H,..H H
103
Though we have not fulfilled the goal of utilizing this methodology to construct
the tricyclic portion of ent-1, the study presented herein represents the first report of
incorporation of exogenous trapping nucleophiles in electrophilic epoxide-opening
cascades. Strategic substrate design and nucleophile choice could potentially enable a
more biomimetic approach to fragments of natural products in the halogenated
triterpenoid family.
H. Conclusion
In conclusion, a bromonium-initiated epoxide-opening cascade that proceeds
optimally in a polar non-nucleophilic solvent has been developed. This cascade can
incorporate both intra- and intermolecular trapping nucleophiles (Tables 4, 6, and 8).
Oxygen nucleophiles attached to either sp 2- or sp 3-hybridized carbons have been shown
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to be compatible. In the intermolecular case, a dependence on Me group positioning has
been observed; this affected selectivity of the epoxonium ion intermediate to be quenched
(Scheme 22). This limitation was not observed in the intramolecular case, with
cyclization of extended triepoxide 66 giving 67 and 67' in a good yield (Scheme 16).
Discovery of the bromonium-initiated epoxide-opening cascade enabled the first
total synthesis of ent-dioxepandehydrothyrsiferol (ent-1).74 The unique trans-anti-trans-
fused polycyclic portion of the molecule containing a bromo-oxepane was constructed in
a single step. This was previously unattainable using the corresponding Lewis-acid
initiated epoxide-opening cascade. A Suzuki-Miyaura fragment coupling reaction was
another key step in the synthesis; this assembled the backbone of the natural product
post-cascade in a convergent manner. The improved reaction condition developed for the
bromonium-initiated cyclization was also utilized to construct a bicyclic carbonate with a
cis ring junction (77, Table 7), which could be elaborated to a fragment of armatol A
(8).75 Last but not least, through this study we prove the feasibility of a new kind of
biogenetic hypothesis for natural products in the halogenated terpenoid polyether family
(Scheme 9).
7 4 Tanuwidjaja, J.; Ng, S.-S.; Jamison, T. F. J. Am. Chem. Soc. 2009, 131, 12084.
7 Underwood, B. S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2010.
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I. Experimental Section
General Experimental Methods: Unless otherwise noted, all reactions were performed
under an oxygen-free atmosphere of argon with rigid exclusion of moisture from reagents
and glassware. Teflon stir bars were oven or flame-dried prior to use. Except where
noted, all solvents and triethylamine used in the reactions were purified via an SG Water
USA solvent column system. 1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) (2 99%) was
purchased from Aldrich Chemical Company and was used without further purification.
Nitromethane was dried at 90 *C overnight with CaH 2 before being distilled into and
stored in an airtight Schlenk tube. 4A MS were activated by flame drying under high
vacuum three times (with cooling in between) immediately before use. HN(i-Pr)2,
HMPA, and Ti(Oi-Pr)4 were distilled from CaH2 before use. EtOH was distilled from 4A
MS before use. Solvents for the Suzuki cross-coupling reaction were rigorously degassed
through freeze-pump-thaw cycles within a week before use and kept in an airtight
Schlenk tube. Cs 2CO3 used in the Suzuki cross-coupling reaction was pumped on under
high vacuum overnight, kept and used inside a glovebox. 9-Borabicyclo[3.3.1]nonane (9-
BBN) dimer was pumped on under high vacuum overnight, kept and used inside a
glovebox. Cul and the CH2Cl2 adduct of PdCl2(dppf) was purchased from Strem chemical
company and kept and used inside a glovebox. LiBr was dried at 100 *C and cooled
under vacuum. Tetrabutylammonium acetate was pumped under vacuum overnight, kept
and used inside a glovebox. Trimethylsulfonium iodide was azeotropically dried from
toluene three times before use. S0 3-pyr and (CH 3)3N-HCl was pumped on under high
vacuum overnight before use. NaIO 4 adsorbed on Si0 2 was made as follows: 2.57 g of
NalO 4 was dissolved in 5 mL of H2 0 at 70-80 *C. It was then poured into 10.0 g of
silica. The resulting mixture was stirred well for 30 min until homogenous.7 6 Shi ketone
60 was prepared from D-fructose according to the procedure of Vidal-Ferran and
coworkers and was used without recrystallization.77 t-BuOOH was purchased from Fluka
as a ~5.5 M solution in decane stored over activated 4A MS. MsCl was distilled from
calcium hydride before use. [(Ph3P)CuH]6 was purchased from Fluka (brick red powder),
pumped on under high vacuum overnight, kept and used inside a glovebox. N-
Bromosuccinimide (NBS) was recrystallized from H20 before use and kept at 0 *C in the
absence of light. Br(coll) 2Cl0 4 was prepared according to the previously reported
procedure,'78 and kept at 0 *C in the absence of light.
Analytical thin layer chromatography was performed using EM Science silica gel
60 F2 4 plates. The developed chromatogram was analyzed by UV lamp (254 nm) and
Ceric Ammonium Molybdate (CAM) or ethanolic phosphomolybdic acid (PMA)
solution. Liquid chromatography was performed using flash chromatography of the
indicated solvent system on Silicycle Silica Gel (230-400 mesh). Analytical HPLC was
performed on the column phase indicated on a Hewlett-Packard 1100 Series HPLC. 'H
and 13 C NMR spectra were recorded on a Varian Inova-500 MHz, Bruker AVANCE-400
MHz, or Bruker AVANCE-600 MHz spectrometer in CDCl3 or C6D6 . Chemical shifts in
76 Zhong, Y.-L.; Shing,T. K. M.J. Org. Chem. 1997, 62, 2622.
7 Nieto, N.; Molas, P.; Benet-Buchholz, J.; Vidal-Ferran, A. J. Org. Chem. 2005, 70, 10143.
78 (a) Neverov, A. A.; Brown, R. F. J. Org. Chem. 1998, 63, 5977. (b) Neverov, A. A.; Feng, H. X.;
Hamilton, K.; Brown, R. S. J. Org. Chem. 2003,68,3802.
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'H NMR spectra are reported in part per million (ppm) on the 8 scale from an internal
standard of residual CHC 3 in CDC13 (7.27 ppm) or residual C6HD, in C6 D6 (7.16 ppm).
Data are reported as follows: chemical shift, multiplicity (app = apparent, br = broad, s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant in hertz
(Hz), and integration. Chemical shifts of 3C NMR spectra are reported in ppm from the
central peak of CDC 3 (77.23 ppm) or residual CD 6 (128.39 ppm) on the 6 scale. '9F
NMR spectra are reported in ppm on the 6 scale from an internal standard of CF at
-164.9 ppm. Infrared (IR) spectra were recorded on a Perkin-Elmer 2000 FT-IR. High
resolution mass spectra (HRMS) were obtained on a Bruker Daltonics APEXIV 4.7 Tesla
Fourier Transform Ion Cyclotron Resonanace Mass Spectrometer by Li Li of the
Massachusetts Institute of Technology Department of Chemistry Instrumentation
Facility. Optical rotations were measured on a Jasco Model 1010 polarimeter at 589 nm.
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MeO 1) H2, Pd/C, MeOH, rt MeO
Me 2)TBAF, THF, rt HMOMe 89% 2steps Me
TEO MeHHO Me H
S1 36
Enol ether S1 (obtained as a side product of conversion of lactone 28 to nitrile
29,99 52.0 mg, 0.127 mmol, 100 mol %) and 10 wt% Pd/C (20.0 mg, 0.0188 mmol, 15
mol %) was evacuated under vacuum for a minute. A H2 balloon was then attached and
MeOH (1 mL) was added. The reaction mixture was stirred at rt for 7 h. It was then
exposed to ambient atmosphere and filtered through a plug of silica and celite, eluting
with CH 2Cl 2 . After removal of solvent, the crude residue was dissolved in THF (1.27
mL) and TBAF (1 M in THF, 0.317 mL, 0.317 mmol, 250 mol %) was added. The
reaction mixture was stirred at rt for 13 h. It was then diluted with Et2O (10 mL) and
washed with 10 mL of H20. The aqueous layer was extracted with Et2O (2 x 5 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (10% to 50% EtOAc in hexanes) isolated alcohol 36 as a white
amorphous solid (33.6 mg, 0.113 mmol, 89%).
'H NMR (600 MHz, CDC13
8 4.10 (d, J = 10.8 Hz, IH), 3.80 (d, J = 6.6 Hz, 1H), 3.58-3.50 (m, 2H), 3.45 (dd, J =
11.4, 4.8 Hz, 1H), 2.20 (td, J = 13.2, 2.4 Hz, 1H), 1.90 (br s, 1H), 1.86-1.82 (m, 2H), 1.76
(td, J = 15.6, 1.8 Hz, 1H), 1.70 (ddd, J = 13.2, 5.4, 1.8 Hz, 1H), 1.67-1.61 (m, 3H), 1.56-
1.49 (m, 2H), 1.42 (dt, J = 13.8, 3.6 Hz, 1H), 1.32 (dt, J = 13.2, 3.6 Hz, 1H), 1.29 (s, 3H),
1.18 (s, 3H), 1.16 (s, 3H), 1.10 (s, 3H).
'
3 C NMR (125 MHz, CDC13}
8 80.0, 78.5, 77.8, 77.2, 77.2, 71.4, 60.9, 42.5, 31.9, 29.4, 29.2, 28.6, 26.7, 26.2, 22.9,
20.8, 16.1.
HR-MS (ESI) m/z calcd for C17H3004[M+H]*: 299.2217, found 299.2205.
IR (thin film, NaCl): 3447, 2976, 2939, 2867, 1456, 1378, 1218, 1148, 1104, 1087, 1063,
921, 737 cm-.
tfDL= +1.2 (c = 4.0, CHCl 3)-
79 Ng, S.-S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2008.
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1) CICH 2SO2CI, pyr,
H Me DMAP CH2CI2,-78 Me
Me, to rt, 64% Me, 0
Me2) LiBr, DMPU, 55TC 
Me.:
HO MeH 67% '"MeH
36 38
To alcohol 36 (31.8 mg, 0.106 mmol, 100 mol %) in CH 2Cl 2 at rt was added
DMAP (19.0 mg, 0.155 mmol, 150 mol %) and pyr (0.21 mL, 2.54 mmol, 2400 mol %).
The reaction mixture was cooled to -78 0C and then ClCH2 SO 2Cl (64.5 mL, 0.636 mmol,
600 mol %) was added. The cold bath was removed and the reaction mixture was stirred
at rt for 21 h. It was then diluted with EtOAc (20 mL) and washed with H20, satd. aq.
NaHCO 3 solution, and brine (10 mL each). The organic layer was dried over MgSO 4 ,
filtered, and concentrated. Column chromatography (25% EtOAc in hexanes) isolated the
intermediate chloromesylate (27.8 mg, 0.0678 mmol, 64%) as a yellow oil.
The chloromesylate (21.9 mg, 0.0533 mmol, 100 mol %) was dissolved in DMPU
(1 mL) at rt and and LiBr (26.2 mg, 0.302 mmol, 600 mol %) was added. The reaction
mixture was heated to 60 'C for 36 h. It was then cooled to rt and diluted with EtOAc (10
mL). The organic layer was washed with H20 and brine (5 mL each) and then dried over
Na2 SO 4 . Column chromatography (10% EtOAc in hexanes) isolated olefin 38 (10.0 mg,
0.0357 mmol, 67%) as a colorless solid.
'H NMR (500 MHz, CDCl3
6 5.29 (d, J = 2.0 Hz, 2H), 3.83 (d, J = 10.0 Hz, IH), 3.59-3.50 (m, 2H), 3.36 (dd, J =
11.5, 4.5 Hz, IH), 2.48 (d, J = 17.5 Hz, IH), 2.20 (ddd, J = 18.0, 3.5, 1.0 Hz, 1H), 2.00-
1.91 (m, 1H), 1.76 (ddd, J = 13.5, 5.5, 2.5 Hz, 1H), 1.64-1.59 (m, 3H), 1.55-1.50 (m, 3H),
1.26 (s, 3H), 1.24 (s, 3H), 1.20 (s, 3H), 1.17 (s, 3H).
13C NMR (125 MHz, CDC13)
8 135.9, 120.7, 79.5, 78.3, 76.7, 76.1, 72.1, 60.4, 42.2, 40.7, 31.0, 29.4, 28.0, 26.3, 25.7,
21.9, 15.4.
HR-MS (ESI) m/z calcd for C 7H280 3[M+H]*: 281.2111, found 281.2092.
IR (thin film, NaCl): 2970, 2942, 2864, 1457, 1437, 1375, 1172, 1123, 1104, 1090, 1068
cm
{ED] -11.1 (c = 0.42, CHC 3).
1) D-(-)-DIPT, Ti(Oi-Pr)4, t-BuOOH, 4 A MS, CH2C 2,
-40 to -20 *C Me . OH
geraniol - eO
Me Me
S2
4A MS (11.8 g, unactivated mass) was activated as described in the general
experimental procedure. To this was added CH2C12 (118 mL) and the mixture was cooled
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to -45 0 C. D-(-)-DIPT (3.08 mL, 14.7 mmol, 12.5 mol %) was added followed by Ti(Oi-
Pr)4 (3.50 mL, 11.8 mmol, 10 mol %) and then t-BuOOH (26.7 mL, 147 mmol, 125 mol
%). The catalyst mixture was stirred at -45 'C for 30 to 45 min. Geraniol (20.4 mL, 118
mmol, 100 mol %) was added dropwise. The reaction was stirred at -40 to -20 'C for 6
h. A quench solution was made by dissolving NaOH (16 g) and NaCl (2 g) in 36 mL of
H20. After cooling to 0 0C, the reaction mixture was poured into this. The resulting
mixture was stirrec vigorously at 0 0C for 30 min. It was then filtered through celite. The
filtrate was washed with satd. aq. Na 2S2O 3 solution and filtered through celite one more
time. After separating off the aqueous layer, the organic layer was dried over MgSO 4,
filtered, and concentrated. Epoxide S2 was used in the next step crude, 76 mol % in
decane).
1) PPh3, imid, 12
Me OH CH2 C, 0 'C to rt - Me Ot-Bu
Me Me 2) LDA, t-BuO Me Me e 0Me Me Y Me Me O
S2 THF/HMPA, -78 *C 50
71% 2 steps
PPh3 (7.24 g, 27.6 mmol, 120 mol %) and imid (3.76 g, 55.2 mmol, 240 mol %)
were dissolved in CH2Cl2 (185 mL) at rt. After cooling to 0 0C, 12 (7.05 g, 27.6 mmol,
120 mol %) was added in one portion to give a yellow suspension. Epoxide S2 (76 mol %
in decane, 5.16 g, 23.0 mmol, 100 mol %) was added as a solution in 16 mL of CH 2Cl2
via syringe. The reaction mixture was stirred at 0 'C for 30 min, then at rt for 2 h. It was
then diluted with CH 2 Cl2 (100 mL) and washed with a 2:1 mixture of satd. aq. Na2S2 0 3
solution/brine (2 x 300 mL). The organic layer was dried over MgSO 4, filtered, and
concentrated. Column chromatography (5% to 10% EtOAc in hexanes) gave the
intermediate iodide (7.11 g, quant.).
i-Pr2NH (12.0 mL, 85.1 mmol, 335 mol %) was dissolved in THF (310 mL) and
cooled to -78 'C. n-BuLi (2.50 M in hexanes, 31.5 mmol, 78.7 mmol, 310 mol %) was
added at this temperature and the resulting mixture was stirred at -78 *C for 90 min.
Tert-butyl acetate (10.6 mL, 81.3 mmol, 320 mol %) was added and the resulting mixture
was stirred at -78 'C for 90 min. Iodide from the previous step (7.11 g, 25.4 mmol, 100
mol %) was added in 10 mL of THF at -78 0 C, followed by HMPA (12.7 mL). The
reaction mixture was stirred at -78 0C for 15 min. It was then quenched at this
temperature with satd. aq. NH4 Cl solution (200 mL) and warmed to rt. It was diluted with
100 mL of Et20 and another 100 mL portion of satd. aq. NH 4Cl solution. After washing
and separating, the organic layer was washed with H20 (300 mL). The H20 layer was
extracted once with Et2O (150 mL), The combined organic layers were dried over
MgSO 4 , filtered, and concentrated. Column chromatography (10% to 20% EtOAc in
hexanes) gave the ester 50 (4.86 g, 18.1 mmol, 71%) as a colorless oil.
'H NMR (600 MHz, CDC13}
8 5.10 (app t, J = 7.2 Hz, 1H), 2.77 (dd, J = 6.0, 7.2 Hz, 1H), 2.44-2.34 (m, 2H), 2.12-
2.07 (m, 2H), 1.89-1.76 (m, 2H), 1.70 (s, 3H), 1.69-1.67 (m, 2H), 1.63 (s, 3H), 1.47 (s,
9H), 1.29 (s, 3H).
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3C NMR (125 MHz, CDCl3 )
8 172.9, 132.6, 124.3, 81.1, 63.2, 61.7, 39.4, 33.0, 31.3, 28.8, 28.8, 26.4, 25.1, 24.5, 18.3,
17.2.
HR-MS (ESI m/z caled for C16H2 0 3 [M+H]*: 269.2111, found 269.2118.
IR (thin film, NaCl): 2977, 2930, 1732, 1457, 1367, 1257, 1154, 848 cm-'.
Me MeMe-t H me -. H
Me Ot-Bu NBS 4 + Br O
Me e~HFIPO 0 C, 76% Brl- 3Br3
Me Me
50 51 51'
1:1 mixture of diastereomers obtained
4A MS (234 mg, unactivated mass) was activated as described in the General
Experimental Methods. Ester 50 (25.4 mg, 0.0946 mmol, 100 mol %) was added in HFIP
(1.8 mL). The mixture was cooled to 0 0C under Ar and NBS (50.5 mg, 0.284 mmol, 300
mol %) was added in one portion. The reaction mixture was stirred at 0 0 C in the absence
of light for 1 h. It was then filtered through celite and concentrated to remove the HFIP.
After redissolving in Et20 (10 mL), the organic layer was washed with H 20 (10 mL). The
aqueous layer was extracted with Et2 0 (10 mL) and the combined organic layers were
dried over MgSO 4 , filtered, and concentrated. Column chromatography (25% EtOAc in
hexanes) isolated lactones 51, 51' together as a 1:1 mixture of C3 epimers (20.9 mg,
0.0718 mmol, 76%) as colorless oils. A second column chromatography (50% to 60%
Et2O in hexanes) was performed to separate the two diastereomers for characterization
purposes.
Characterization data for 51:
'H NMR (600 MHz, CDC13)
6 4.09-4.07 (m, 1H), 3.66 (dd, J = 11.8, 5.2 Hz, 1H), 2.71 (ddd, J = 18.7, 7.5, 1.8 Hz,
1H), 2.59 (dd, J = 11.4, 8.2 Hz, 1H), 2.19-2.16 (m, 2H), 2.03-1.99 (m, 1H), 1.96-1.92 (m,
1H), 1.85-1.80 (m, 1H), 1.79-1.75 (m, 1H), 1.40 (s, 3H), 1.39 (s, 6H).
1 3C NMR (125 MHz, CDC13)
6 170.1, 84.4, 79.1, 69.5, 59.3, 43.8, 31.4, 29.3, 26.3, 25.2, 24.9, 20.9.
HR-MS (ESI m/z calcd for C 2H, 9BrO3 [M+H]+: 291.0590, found 291.0593.
IR (thin film, NaCl): 2977, 2936, 1773, 1734, 1700, 1457, 1384, 1263, 1208, 1134, 1077
cm-.
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Characterization data for 51':
'H NMR (600 MHz, CDCl.3
6 4.43 (dd, J = 6.2, 2.6 Hz, IH), 4.11 (dd, J = 11.9, 5.3 Hz, 1H), 2.71 (ddd, J = 18.8, 7.7,
2.1 Hz, 1H), 2.63 (dd, J = 11.0, 8.3 Hz, IH), 2.43 (ddd, J = 14.5, 9.6, 4.9 Hz, 1H), 2.10-
2.07 (m, 2H), 1.91-1.85 (m, 2H), 1.83-1.81 (m, 1H), 1.46 (s, 3H), 1.41 (s, 3H), 1.33 (s,
3H).
13C NMR (125 MHz, CDCl3
8 170.7,84.9,78.3,69.5,64.7,38.9,30.7,29.3,28.7,27.5,24.8,21.8.
HR-MS (ESI) m/z caled for C12H,9BrO 3 [M+H]*: 291.0590, found 291.0597.
IR (thin film, NaC): 2979, 2937, 1773, 1734, 1701, 1457, 1269, 1242, 1193, 1150, 1100,
1084 cm'.
Me Me
Me~~ MeH eMe Ot-Bu Br(coll) 2CIO4, 4 A MS B O + B H OM Me aHFP,rt, 73% r- 0
Me Me
50 51 51'
1:1 mixture of diastereomers obtained
The same reaction set-up (as when using NBS) was followed with ester 50 (50.0
mg, 0.187 mmol, 100 mol %), HFIP (3.7 mL), and Br(coll)2 C10 4 (236 mg, 0.560 mmol,
300 mol %) at rt under Ar. The reaction mixture was stirred at rt in the absence of light
for 15 min. The same work-up and purification procedures (as when using NBS) were
followed to give lactones 51, 51' together as a 1:1 mixture of C3 epimers (39.6 mg, 0.136
mmol, 73%) as colorless oils.
M e 0 t-Bu HNBS, C4AM B e OH + eB O
Me Me
46 47 47'
1:1 mixture of diastereomers obtained
4A MS (241 mg, unactivated mass) was activated as described in the General
Experimental Methods. Carbonate 46 (35.1 mg, 0.130 mmol, 100 mol %) was added in
HFIP (1.9 mL). The mixture was cooled to 0 C under Ar and NBS (69.2 mg, 0.390
m4ol, 300 mol %) was added in one portion. The reaction mixture was stirred at 0 *C in
the absence of light for I h. It was then filtered through celite and concentrated to remove
the HFIP. After redissolving in Et20 (15 mL), the organic layer was washed with H20 (15
mL). The aqueous layer was extracted with Et2O (15 mL) and the combined organic
layers were dried over MgSO4, filtered, and concentrated. Column chromatography (25%
47
EtOAc in hexanes) isolated lactones 47, 47' together as a 1:1 mixture of C3 epimers
(34.5 mg, 0.118 mmol, 91%) as colorless oils. 0
Me Me
Me 0 Ot-Bu Br(coll)2C 4, 4 A MS
Me Me HFIP,0'C to rt, 99% Br3+ r3
Me Me
46 47
The same reaction set-up (as when using NBS) was followed with carbonate 46
(25.5 mg, 0.0944 mmol, 100 mol %), HFIP (1.5 mL), and Br(coll)2 C10 4 (117.0 mg, 0.277
mmol, 300 mol %). The reaction mixture was stirred at 0 'C to rt in the absence of light
for 3 h. The same work-up and purification procedures were followed to give lactones 47,
47' together as a 1:1 mixture of C3 epimers (27.3 mg, 0.0931 mmol, 99%) as colorless
oils.
Me TIPSCI, imidazole
Me OH CH2Cl2, rt, 90% , Me OTIPS
Me Me Me Me Me Me
58 S3
Epoxy alcohol 5881 (27.65 g, 116 mmol, 100 mol %) and imidazole (23.7 g, 348
mmol, 300 mol %) was purged with argon and CH 2Cl2 (250 mL) was added under an
argon atmosphere. The reaction mixture was stirred to dissolve all the imidazole. TIPSCl
(38.5 mL, 174 mmol. 150 mol %, used as received) was added in one portion at rt. The
reaction mixture was stirred for 90 min at rt. The reaction mixture was diluted with Et2O
(300 mL), washed with brine (300 mL) and then H20 (2 x 300 mL). The organic layer
was dried over MgSO4, filtered, and concentrated. Column chromatography (2.5%
EtOAc in hexanes) isolated 41.3 g (105 mmol, 90%) of TIPS ether S3 as a colorless oil.
'H NMR (500 MHz, C D )
8 5.23-5.16 (m, 2H), 3.80 (dd, J= 11.4, 5.4 Hz, 2H), 3.00 (t, J= 5.4 Hz, 1H), 2.17-2.03
(m, 6H), 1.68 (s, 3H), 1.64-1.58 (m, 1H), 1.56 (s, 3H), 1.55 (s, 3H), 1.48-1.42 (m, 1H)
1.16 (s, 3H), 1.11-1.09 (m, 21H).
80 For syntheses and characterization of carbonates 46, 47, and 47', please see: Bravo, F.; McDonald, F. E.;
Neiwert, W. A.; Hardcastle, K. I. Org. Lett. 2004, 6,4487.
81 Epoxy alcohol 58 was prepared according to the procedure reported in the following paper: Uyanik, M.;
Ishibashi, H.; Ishihara, K.; Yamamoto, H. Org. Lett. 2005, 7, 1601. The ee was determined to be 82%
(91:9 er). Epoxy alcohol 58 was protected with a benzyl group (BnBr, NaH, THF) and compared to the
corresponding racemate obtained by VO(acac) 2 epoxidation of farnesol and then putting on the same
protecting group. Chiral Analytical HPLC analysis was performed on a Hewlett-Packard 1100 Series
HPLC equipped with a variable wavelength detrector and Chiralpak AD-H column (hexanes:2-propanol,
99:1, 1.0 mL/min): tR(2S, 3S) = 6.649 min, tR(2 R, 3R) = 6.024 min.
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"C NMR (100 MHz, C6D6)
8 135.8, 131.6, 125.2, 124.6, 63.5, 63.4, 60.1, 40.5, 39.3, 27.5, 26.2, 24.5, 18.6, 18.1, 17.3
,16.3, 12.7.
HR-MS (ESI) m/z calcd for C24H4 60 2Si [M+Na]*: 417.3159, found 417.3166.
IR (thin film, NaCl): 2943, 2867, 1653, 1457, 1384, 1247, 1128, 1093, 1067, 883, 683
cm
al2D= -6.8 (c = 0.48, CHCl3).
cat. SeO 2, t-BuOOH
salicylic acid, CH2Cl2Me -- OTIPS rt, 73% (2 resubjections) HO OTIPS
Me Me S3 Me Me Me 59 Me
TIPS ether S3 (21.7 g, 55.0 mmol, 100 mol %) and salicylic acid (759 mg, 5.50
mmol, 10 mol%) were sparged with argon and CH 2Cl 2 (218 mL) was added under an
argon atmosphere. t-BuOOH (11.5 mL, 63.2 mmol, 115 mol %) and then Se0 2 (305 mg,
2.75 mmol, 5 mol %) were added at rt. The reaction mixture was stirred for 5 h at rt and
then diluted with CH 2Cl 2 (300 mL) and washed with a 1:1 mixture of satd. aq. NaCl and
satd. aq. Na 2S2O 3 (2 x 500 mL of mixture). The organic layer was dried over MgSO4 ,filtered, and concentrated. The starting material was separated from the product by
column chromatography (a gradient of 0 to 25% EtOAc in hexanes). The starting material
was resubjected to the reaction conditions two more times with amounts of reagents
scaled accordingly to isolate a total of 16.6 g (40.3 mmol, 73%) of allylic alcohol 59 as a
colorless oil (obtained as a 3:1 mixture of E/Z isomers). The following data is given for
the major diastereomer.
'H NMR (500 MHz, C6D6)
6 5.40 (t, J = 6.9 Hz, 1H), 5.20 (d, J = 7.2 Hz, 1H), 3.88-3.79 (m, 4H), 3.02 (t, J = 5.2 Hz,
1H), 2.16-2.03 (m, 6H), 1.62-1.56 (m, 1H), 1.57 (s, 3H), 1.55 (s, 3H), 1.52-1.46 (m, 1H),
1.16 (s, 3H), 1.13-1.10 (m, 21H).
3C NMR (125 MHz, C6D6}
8 135.9, 135.4, 125.3, 124.8, 69.0, 63.4, 63.4, 60.3, 40.1, 39.1, 26.7, 24.4, 18.6, 17.1, 16.3
,14.1, 12.7.
HR-MS (ESI) m/z calcd for C24H460 4Si [M+Na]*: 449.3058, found 449.3055.
IR (thin film, NaCD: 2943, 2866, 1653, 1457, 1385, 1127, 1093, 1067, 883 cm'.
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Ac2O, Et3N, DMAP
HO , ' OTIPS CH2 C 2, rt, 89% - AcO OTIPS
Me Me 59 Me Me Me S4 Me
To allylic alcohol 59 (32.4 g, 79.0 mmol, 100 mol%) under an argon atmosphere
was added CH 2Cl 2 (700 mL). Et3N (33.0 mL, 237 mmol, 300 mol%) was added followed
by Ac 20 (11.2 mL, 118 mmol, 150 mol%, used as received). DMAP (96.5 mg, 0.790
mmol. 1 mol%, used as received) was added while the reaction with stirring. The reaction
mixture was stirred for 8 h at rt. It was then washed with satd. aq. NaHCO 3 (800 mL).
The aqueous layer was extracted once with CH2Cl2 (700 mL). The combined organic
layers were dried over MgSO 4, filtered, and concentrated. Column chromatography
(2.5% EtOAc in hexanes) isolated 31.7 g (70.0 mmol, 89%) of allylic acetate S4 as a
colorless oil (as a 3:1 mixture of EIZ isomers). The following data is given for the major
diastereomer.
'H NMR (500 MHz, C D6)
6 5.41 (t, J = 7.1 Hz, 1H), 5.14 (t, J = 7.0 Hz, 1H), 4.48 (s, 211), 3.81 (dd, J = 11.1, 5.5
Hz, 2H), 3.01 (t, J = 5.3 Hz, 1H), 2.13-1.95 (m, 6H), 1.71 (s, 3H), 1.63-1.57 (m, 1H),
1.55 (s, 3H), 1.50 (s, 3H), 1.49-1.43 (m, 1H), 1.16 (s, 3H), 1.12-1.09 (m, 21H).
"C NMR (125 MHz, C6D6)
6 170.2, 135.2, 131.0, 129.6, 124.9, 70.4, 63.5, 63.4, 60.1, 39.7, 39.2, 27.0, 24.4, 20.9, 18.
5, 17.3, 16.2, 14.3, 12.6.
HR-MS (ESI m/z calcd for C26H48O4Si [M+Na]*: 475.3214, found 475.3235.
IR (thin film, NaCl): 2943, 2867, 1741, 1463, 1384, 1240, 1094, 1067, 883 cm-1.
Shi ketone (60), Oxone Me Me
BU4NHSO 4, K2 C03, Na2B4O7  O1pH 10.5, DMMICH 3CNIH 2 , 0 0
0AOTIPS C, 30 min, 75%, 3:1 dr OTIPS
AcO - TP 10 ~AcO-- - OIP
Me Me Me Me Me 61 Me -0
Me Me
Shi ketone
60
To a solution of allylic acetate S4 (6.74 g, 14.9 mmol, 100 mol %) in 2:1 v/v
DMM/MeCN (309 mL) was added a 0.05 M solution of Na2B40 7-10H 20 in 4 x 10-
Na2EDTA (155 mL), n-Bu4HSO 4 (1.05 g, 3.09 mmol, 20 mol%), and Shi ketone (4.00 g,
14.9 mmol, 100 mol %). This biphasic mixture was stirred vigorously at 0 'C for 10 min.
To this mixture was added, simultaneously over 30 min via syringe pump, a solution of
Oxone (8.50 g, 15.5 mmol, 105 mol%, freshly prepared) in 75.0 mL of 4 x 10~4 Na 2EDTA
solution and a 0.89 M solution of aq. K2CO 3 (75.0 mL, 65.7 mmol, 440 mol %). Upon
completion of addition, the reaction mixture was immediately diluted with Et20 (200 mL)
and washed with H20 (300 mL). The aqueous layer was extracted with Et2O (2 x 150
50
mL). The combined organic layers were dried over MgSO 4, filtered, and concentrated.
Column chromatography (10% EtOAc in hexanes) isolated 5.25 g (11.2 mmol, 75%) of
diepoxide 61 as a colorless oil (as a 3:1 mixture of R, S and S, S diastereomers). This
procedure was repeated several times on a similar scale and the product was combined
and carried on to the subsequent steps. The following characterization data is given for
the major (R, S) diastereomer.
'H NMR (600 MHz, C6D6}
8 5.33 (t, J = 7.3 Hz, 1H), 4.44 (d, J = 2.1 Hz, 2H), 3.81 (dd, J = 5.3, 1.1 Hz, 1H), 2.97 (t,
J = 5.3 Hz, 1H), 2.51 (t, J = 5.8 Hz,1H), 2.03-1.98 (m, 2H), 1.73 (s, 3H), 1.57-1.48 (m,
8H), 1.39-1.34 (ddd, J = 16.5, 9.5, 7.0 Hz, 1H), 1.12 (s, 3H), 1.10 (s, 3H), 1.09-1.07 (m,
21H).
3C NMR (100 MHz, CD 6)
8 170.3, 131.3, 129.2, 70.3, 63.7, 63.5, 63.0, 60.1, 59.8, 38.8, 36.2, 25.3, 24.1, 20.9, 18.6,
17.1, 17.0, 14.2, 12.7.
HR-MS (ESI) m/z calcd for C26H48O5Si [M+Na]*: 491.3163, found 491.3182.
IR (thin film, NaCl): 2943, 2867, 1741, 1457, 1384, 1231, 1092, 1067, 883 cm-'.
01 0aq. LiOH 0TIP
AcO - OTIPS THF/MeOH/H 20, rt, 84% HO0OTIPS
Me Me 61 Me Me Me S5 Me
To diepoxide 61 (23.2 g, 49.4 mmol, 100 mol %) was added a 1.5:3.5 v/v
THF/MeOH (1000 mL, solvents used without drying). The reaction mixture was put in a
water bath at 22 0C. A 0.5 M solution of aq. LiOH (198 mL, 98.8 mmol, 200 mol %) was
added over 10 min. The reaction mixture was stirred at rt for 30 min. It was then
concentrated to a volume of 400 mL and diluted with Et2O (600 mL) and washed with
satd. aq. NaCl (1000 mL). The aqueous layer was extracted with Et2O (3 x 200 mL),
dried over MgSO 4 , filtered, and concentrated. Column chromatography (20% EtOAc in
hexanes) isolated 17.7 g (41.5 mmol, 84%) of allylic alcohol S5 as a colorless oil. The
following characterization data is given for the major (R, S) diastereomer.
'H NMR (500 MHz, C6D6)
6 5.36 (t, J = 7.3 Hz, 1H), 3.92-3.78 (m, 4H), 3.00 (t, J = 5.3 Hz, 1H), 2.58 (t, J = 4.9,
1H), 2.11-2.05 (m, 2H), 1.63-1.41 (m, 6H), 1.57 (s, 3H), 1.13-1.09 (m, 27H).
13C NMR (125 MHz, C6D6)
8 136.1, 124.9, 68.8, 63.8, 63.5, 63.1, 60.4, 60.0, 39.1, 36.1, 25.3, 24.1, 18.6, 17.1, 17.0, 1
4.0, 12.6.
HR-MS (ESI) m/z calcd for C24H46O4Si [M+Na]*: 449.3058, found 449.3065.
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IR (thin film, NaCl): 3446, 2943, 2866, 1457, 1386, 1010, 1095, 883 cm- .
1) (i) MsCI, Et3N, CH2Cl2
-78 to -10 *C
HO OTIPS (H) LiBr, THF, 0 to 8 *C Me OTIPS
Me Me Me 2) LiBEt 3H, THF Me Me MeS5 M -78 *C, 69% overall 62
Allylic alcohol S5 (2.95 g, 6.91 mmol, 100 mol %) and Et 3N (1.45 mL, 10.4
mmol, 150 mol %) in CH2C12 (63 mL) was cooled to -78 'C under an argon atmosphere.
MsCl (0.62 mL, 7.95 mmol, 115 mol %) in CH2C12 (9 mL) was added via syringe over 2
min. The reaction mixture was stirred for 1 h at -78 'C and then -10 'C for another 1 h.
It was then further warmed to 0 'C and stirred another 1.5 h. LiBr (1.5 g, 17.3 mmol, 250
mol %) in THF (19 mL) was added over 5 min. The reaction mixture was let warm to 8
*C over 1 h. It was then diluted with Et2O (400 mL) and washed with satd. aq. NaCl (400
mL). The organic layer was dried over MgSO 4, filtered, and concentrated. The residue
was taken up in CH 2Cl 2 (200 mL), filtered through celite, and rinsed with CH 2Cl 2 to a
total volume of about 400 mL. It was re-concentrated to give the intermediate allylic
bromide as a brown oil, which was pumped on under high vacuum for three hours to
remove any residual water. The crude residue was then dissolved in dry THF (103 mL)
and cooled to -78 'C under an argon atmosphere. A 1.0 M solution of LiBEt3H in THF
(12.2 mL, 12.2 mmol, 200 mol%) was added over 15 min. The reaction was stirred for I
h at -78 *C. It was then quenched by dropwise addition of H20 (10 mL) at -78 'C. The
reaction mixture was warmed to rt whereupon it was further diluted with Et2O and H 20
(200 mL each). The organic layer was further washed with satd. aq. NaCl (200 mL). The
combined aqueous layers were extracted with Et20 (2 x 100 mL). The combined organic
layers were dried over MgSO 4, filtered, and concentrated. Column chromatography (10%
EtOAc in hexanes) isolated 1.93 g (4.70 mmol, 69% from S5) of diepoxide 62 as
colorless oil. The following characterization data is given for the major (R, S)
diastereomer.
'H NMR (500 MHz, C D6)
8 5.11 (t, J = 6.6 Hz, 1H), 3.80 (d, J = 5.0 Hz, 2H), 2.95 (t, J = 5.5 Hz, 1H), 2.53 (m, 1H),
2.11-2.03 (m, 2H), 1.64 (s, 3H), 1.63-1.38 (m, 6H), 1.52 (s, 3H), 1.16-1.04 (m, 27H).
13C NMR (125 MHz, C6D6
8 131.8, 124.9, 63.7,,63.5, 63.0, 60.3, 59.8, 39.5, 36.2, 26.2, 25.4, 24.6, 18.6, 18.0, 17.2, 1
7.0, 12.7.
HRMS (ESI) m/z calcd for C24H460 3Si [M+Na]*: 433.3108, found 433.3117.
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Me 0 OTIPS TBAF,5THF Me 0. 0 OH
Me Me 62 Me rt,85% Me Me 63 Me
To diepoxide 62 (5.96 g, 14.5 mmol, 100 mol %) in THF (140 mL) under an
argon atmosphere at rt was added a 1 M TBAF solution in THF (42.0 mL, 42.0 mmol,
290 mol %). The reaction mixture was stirred for 2.5 h at rt. The THF was removed by
rotary evaporator and the residue was redissolved in Et2O (300 mL). It was then washed
with 300 mL satd. aq. NaCl. The aqueous layer was extracted with Et2O (1 x 100 mL).
The combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (50% EtOAc in hexanes) isolated 3.15 g (12.3 mmol, 85%) of diepoxy
alcohol 63 as a colorless oil. The following characterization data is given for the major
(R, S) diastereomer.
'H NMR (600 MHz, C D6 )
6 5.10 (t, J= 7.2 Hz, 1H), 3.72 (dd, J= 11.7, 4.9 Hz, IH), 3.58 (dd, J= 11.7, 6.4 Hz, 1H),
2.88 (dd, J = 6.5, 5.4 Hz, 1H), 2.47 (dd, J = 7.9, 3.8 Hz, 1H), 2.06-1.97 (m, 2H), 1.69-
1.62 (m, 4H), 1.55-1.50 (m, 4H), 1.43-1.25 (m, 4H), 1.10 (s, 3H), 1.03 (s, 3H).
3 C NMR (100 MHz, C6D6 )
8 132.0, 124.6, 63.5, 63.3, 61.4, 60.9, 60.4, 39.3, 36.8, 26.2, 25.3, 24.5, 18.0, 17.0, 16.8.
HR-MS (ESI) m/z calcd for Ci5 H260 3 [M+Na]*: 277.1774, found 277.1786.
IR (thin film, NaCl): 3432, 2966, 2927, 1457, 1386, 1037, 867 cm- .
Me 9" OH Boc 2O, 1-Meimidazole Me >" 0 O 0 Me
Ph~e 0 t 5 ', 77 " - Y --<MeMe 63 Me Me Me Me 52 Me 0 Me
To alcohol 63 (31.5 mg, 0.124 mmol, 100 mol %) in toluene (0.5 mL) at rt was
added 1-methylimidazole (13.3 tL, 0.167 mmol, 135 mol %) under an argon atmosphere.
The reaction mixture was cooled to 0 0 C and Boc 20 (0.040 mL, 0.167 mmol, 135 mol %)
was added dropwise. The reaction mixture was stirred for 2 h at 0 to 5 0 C. It was then
brought back to 0 0C and another portion of 1-methylimidazole (13.3 [tL, 0.167 mmol,
135 mol%) and Boc 20 (0.040 mL, 0.167 mmol, 135 mol %) was added. The reaction
mixture was stirred for another 2 h at 0 to 5 'C. The solvent was then removed using a
rotary evaporator and the residue applied directly to flash column chromatography using
a slow gradient of 90:9:1 to 80:19:1 hexanes/EtOAc/Et3 N as the eluent. Carbonate 52 was
isolated as a colorless oil (33.7 mg, 0.0955 mmol, 77%). The following characterization
data is given for the major (R, S) diastereomer.
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'H NMR (600 MHz, C Da
6 5.13 (t, J= 7.1 Hz, 1H), 4.19 (dd, J = 11.9,4.6 Hz, 1H), 4.09 (dd, J = 11.9, 6.4 Hz, IH),
2.92 (dd, J= 6.3, 4.8 Hz, 1H), 2.49-2.47 (in, 1H), 2.12-2.03 (in, 2H), 1.65 (s, 3H), 1.63-
1.58 (m, 1H), 1.53 (s, 3H), 1.46-1.36 (m, 5H), 1.34 (s, 9H), 1.08 (s, 3H), 0.99 (s, 3H).
13C NMR (100 MHz, C6D6
8 154.4, 131.9, 124.9, 82.0,66.3, 62.9, 60.3, 60.1, 60.0, 39.4, 35.8, 28.0, 26.2, 25.1, 24.6,
18.3, 18.0, 17.0.
HR-MS (ESI) m/z calcd for C20H340 5 [M+Na]*: 377.2298, found 377.2300.
IR (thin film, NaCl): 2969, 2930, 1742, 1457, 1370, 1279, 1256, 1164 cm-1 .
Br source, HFIP
Me 0 0 Me MS 4A, *C
'< Mve 45min
Me Me Me 0 Me52
Me Me
0 50
Me, o 0 Me,H
Me 0 Me 0'
Br OH Br H
B Me 55 Br -Me55
1:1 mixture of diastereomers obtained
Using NBS as the Br* source: 90 mg of 4A MS was activated according to the
procedure given in the General Experimental Methods. To this was added carbonate 52
(9.6 mg, 0.0271 mmol. 100 mol %, as a 4:1 mixture of diastereomers) in I mL of
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) under an argon atmosphere. The reaction
mixture was cooled to 0 'C and N-bromosuccinimide (NBS) (16.1 mg, 0.0846 mmol, 300
mol %) was added in one portion with rigorous stirring. The reaction mixture was kept
out of light. After 45 min at 0 'C it was diluted with Et20 and filtered through celite,
using 15 mL of Et20 as the eluent. The solvent was removed using a rotary evaporator
and the residue was redissolved in 15 mL of Et20. It was then washed with a 1:1 mixture
of satd. aq. Na2S2O3/NaCl (15 mL total). The aqueous layer was extracted with Et20 (2 x
7 mL). The combined organic layers were dried over MgSO 4, filtered, and concentrated.
Column chromatography (20% EtOAc in hexanes) isolated tetracycles 55 and 55' (6.7
mg, 0.0178 mmol, 66%) together as white amorphous solids. Repeated flash
chromatography using this solvent system separated the two diastereomers for
characterization purposes.
Using Br(coll) 2ClO4 as the Br* source: The same procedure was followed with
10.0 mg (0.0282 mmol, 100 mol %) of carbonate 52, 84.7 mg of 4A MS, 1 mL of HFIP,
and 36.1 mg (0.0846 mmol, 300 mol %) of Br(coll) 2ClO4 . Column chromatography
(80:19:1 hexanes/EtOAc/Et3N) isolated tetracycles 55 and 55' together (6.9 mg, 0.0183
mmol, 65%) as white amorphous solids.
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Characterization for tricycle 55:
'H NMR (500 MHz, C-D6)
8 3.85 (dd, J = 7.7, 4.6 Hz, 1H), 3.62 (dd, J = 10.8, 6.6 Hz, 1H), 3.55 (t, J = 10.5 Hz, 1H),
3.00 (dd, J = 10.4, 6.7 Hz, 1H), 2.83 (app d, J = 10.2 Hz, 1H), 1.84-1.80 (m, 2H), 1.52
(ddd, J = 13.1, 5.2, 2.1 Hz, IH), 1.45-1.37 (m, 1H), 1.30-1.25 (m, 4H), 1.17-1.13 (m,
4H), 0.98 (td, J = 13.2, 3.8 Hz, 1H), 0.89-0.83 (m, 7H).
13C NMR (100 MHz, C6 D6 )
8 146.9, 82.5, 79.8, 77.9, 75.3, 66.3, 63.5, 58.7, 39.7, 39.1, 31.4, 27.5, 25.3, 24.4, 20.2, 18
.7.
HR-MS (ESI) m/z calcd for C16H25BrO5 [M+Na]*: 399.0778, found 399.0789.
IR (thin film, NaCl): 2927, 2853, 1751, 1734, 1457, 1384, 1253, 1230 cm-1.
{a]22D= -21.7 (c = 0.22, CHCl 3).
Characterization for tricycle 55':
'H NMR (500 MHz, C6D6)
8 3.95-3.92 (m, 2H), 3.69-3.56 (m, 3H), 2.12-2.06 (m, IH), 1.58-1.55 (m, 1H), 1.53-1.47
(m, 4H), 1.26-1.22 (m, 1H), 1.20 (s, 3H), 1.17-1.13 (m, 1H), 1.00 (s, 3H), 0.94 (s, 3H),
0.83 (s, 3H).
13C NMR (100 MHz, C6D6)
8 147.1, 82.8, 80.8, 77.0, 75.8, 66.9, 65.7, 65.0, 40.4, 35.1, 29.7, 28.4, 28.3, 28.2, 21.2, 19
.1.
HR-MS (ESI m/z calcd for Ci6 H25 BrO5 [M+Na]*: 399.0778, found 399.0778.
IR (thin film, NaCl): 2979, 2929, 1751, 1457, 1229, 1115, 1096 cm-.
=-16.3 (c = 0.45, CHCl3).
PPh 3, imidazole
. , CH2CI2
Me 9" - OH 0 'C to rt, 4 h, 86% Me I
Me Me Me Me Me Me63 64
PPh3 (357 mg, 1.36 mmol, 115 mol%) and imidazole (161 mg, 2.36 mmol, 200
mol %) was dissolved in CH2Cl 2 (11.6 moL) under an argon atmosphere. The reaction
mixture was cooled to 0 'C and iodine (330 mg, 1.3 mmol, 110 mol %) was added in one
portion, forming a yellow suspension. The reaction mixture was stirred at 0 *C for 15 min
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before alcohol 63 was added in 6.6 mL of CH 2Cl 2 . The reaction mixture was stirred for 1
h at 0 'C and then for 3 h at rt. It was then diluted with Et2O (50 mL), washed with a 2:1
(v/v) mixture of satd. aq. Na 2S2O3/satd. aq. NaCl (100 mL total). The aqueous layer was
extracted with Et2O (2 x 50 mL). The combined organic layers were dried over MgSO4,
filtered, and concentrated. Column chromatography (10% EtOAc in hexanes) isolated
368 mg (1.01 mmol, 86%) of iodide 64 as a colorless oil. The following characterization
data is given for the major (R, S) diastereomer.
'H NMR (500 MHz, C6D6)
8 5.13 (t, J = 7.1 Hz, 1H), 2.84-2.75 (m, 2H), 2.58-2.50 (m, 2H), 2.12-2.04 (m, 2H), 1.65
(s, 3H), 1.54 (s, 3H), 1.49-1.42 (m, 4H), 1.16-1.13 (m, 1H), 1.11 (s, 3H), 0.98-0.95 (m,
1H), 0.91 (s, 3H).
13C NMR (100 MHz, C6D)
6 131.9, 124.8, 63.5, 62.8, 62.8, 62.6, 60.4, 39.5, 35.8, 26.2, 25.4, 24.7, 18.0, 17.0, 15.9.
HR-MS (ESI) m/z calcd for Ci5H25102 [M+Na]*: 387.0791, found 387.0789.
IR (thin film, NaCl): 2964, 2925, 1457, 1385, 1074 cm- .
Me I. 0 1 LDA, CH3CO2C(CH 3)3 Me O 0 0 Me
Me M Me THF/HMPA,-78 C Me M M Me
M e6 Me82% 53
To a solution of i-Pr2NH (0.37 mL, 2.621 mmol, 310 mol %) in THF (9 mL) at -
50 'C under an argon atmosphere was added a 2.5 M solution of n-BuLi in hexanes (1.0
mL, 2.53 mmol, 300 mol %). The reaction mixture was cooled to -78 'C and stirred for
30 min. t-BuOAc (353 [tL, 2.621 mmol, 310 mol %) was added and the reaction mixture
was stirred at -78 0C for another 45 min. Iodide 64 (308 mg, 0.856 mmol, 100 mol %) in
6 mL of THF was added. The reaction mixture was stirred for 10 min, whereupon HMPA
(423 RL, 2.43 mmol, 287 mol %) was added in one portion. After stirring for further 40
min at -78 'C, the reaction mixture was quenched at this temperature by the addition of
satd. aq. NH4 C1 (5 mL). After warming to rt, the quenched reaction mixture was further
diluted with Et2O (50 mL) and washed with satd. aq. NH 4C1 (2 x 25 mL). The organic
layer was dried over MgSO 4, filtered, and concentrated. Column chromatography (10%
EtOAc in hexanes) isolated 245 mg (0.693 mmol. 82%) of tert-butylester 53 as a
colorless oil. The following characterization data is given for the major (R, S)
diastereomer.
'H NMR (500 MHz, CD.)
8 5.13 (t, J = 7.2 Hz, 1H), 2.64 (dd, J = 7.0,5.5 Hz 1H), 2.54-2.52 (m, 1H), 2.29-2.25 (m,
2H), 2.11-2.05 (m, 2H), 1.83-1.68 (m, 2H), 1.65 (s, 3H), 1.63-1.59 (m, 1H), 1.53 (s, 3H),
1.50-1.49 (m, 3H), 1.46-1.40 (m, 1H), 1.39 (s, 3H), 1.15-1.14 (m, 1H), 1.11 (s, 3H), 1.06
(s, 3H).
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"C NMR (100 MHz, C6D6)
8 172.3, 131.8, 124.9, 80.2, 63.1, 62.6, 60.5, 60.3, 39.5, 36.4, 32.9, 28.4, 26.2, 25.5, 25.1,
24.6, 18.0, 17.0, 16.9.
HR-MS (ESI) m/z calcd for C21H360 4 [M+Na]*: 375.2506, found 375.2505.
IR (thin film, NaCl): 2968, 2929, 1733, 1457, 1367, 1258, 1154 cm-1.
Br source, HFIP
Me 9. 0 0 OMe MS4Aoc
>r:Me 30min
Me Me Me 0 Me
53
H Me 00Me
Me 0 + e,
MM
Bre 7 0  MeMe 56 Br O
1:1 mixture of diastereomers obtained
Using NBS as the Br* source: 100 mg of 4A MS was activated according to the
procedure given in the General Experimental Methods. To this was added tert-butylester
53 (11.0 mg, 0.0312 mmol. 100 mol %, as a 4:1 mixture of diastereomers) in 1 mL of
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) under an argon atmosphere. The reaction
mixture was cooled to 0 'C and N-bromosuccinimide (NBS) (16.7 mg, 0.0936 mmol, 300
mol %) was added in one portion with rigorous stirring. The reaction mixture was kept
out of light. After 30 min at 0 'C it was diluted with Et2O and filtered through celite,
using 20 mL of Et2 O as the eluent. The solvent was removed using a rotary evaporator
and the residue was redissolved in 10 mL of Et 20. It was then washed with a 1:1 mixture
of satd. aq. Na 2S2O3/NaCl (10 mL total). The aqueous layer was extracted with Et2O (2 x
5 mL). The combined organic layers were dried over MgSO4 , filtered, and concentrated.
Column chromatography (50% Et20 in hexanes) isolated tetracycles 56 and 56' together
(9.1 mg, 0.0228 mmol, 73%) as white amorphous solids. Repeated flash chromatography
using this solvent system separated the two diastereomers for characterization purposes.
Using Br(coll) 2C0O4 as the Br* source: The same procedure was followed with
10.1 mg (0.0287 mmol, 100 mol %) of tert-butylester 53, 100 mg of 4A MS, 1 mL of
HFIP, and 36.2 mg (0.0860 mmol, 300 mol%) of Br(coll) 2C1 4 . Column chromatography
(50:49:1 hexanes/Et 20/Et3N) isolated tetracycles 56 and 56' together (6.9 mg, 0.0175
mmol, 61 %) as white amorphous solids.
Characterization of tricycle 56:
'H NMR (400 MHz, C6D6)
8 3.84-3.81 (m, 1H), 3.04 (app dd, J = 11.6, 5.1 Hz, 1H), 2.97 (app d, J = 10.3 Hz, 1H),
2.27-2.22 (m, 2H), 1.93-1.87 (m, 2H), 1.69 (ddd, J = 13.4, 5.3, 1.9 Hz, 1H), 1.59-1.53
(m, 1H), 150-1.36 (m, 3H), 1.33 (s, 3H), 1.28-1.20 (m, 2H), 1.16-1.13 (m, 4H), 1.05 (s,
3H), 1.02 (s, 3H).
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3C NMR (100 MHz, C6DQ6
8 168.2, 84.0, 79.5, 78.2, 76.2, 68.6, 59.6, 41.7, 39.7, 32.0, 29.2, 28.2, 25.8, 25.3, 25.0, 21
.0,20.5.
HR-MS (ESI) m/z calcd for C17H27BrO4 [M+Na]*: 397.0985, found 397.0997.
IR (thin film, NaCl): 2937, 1727, 1382, 1272, 1142, 1083, 1073 cm-1.
[Jfp= -20.9 (c = 0.35, CHCl3).
Characterization for tricycle 56':
'H NMR (400 MHz, C6 D6
8 4.10-4.08 (m, 1H), 4.02-4.00 (m, 1H), 3.61 (dd, J = 11.8, 5.1 Hz, 1H), 2.35-2.28 (m,
1H), 2.18 (ddd, J = 18.2, 7.2, 1.9 Hz, 1H), 1.99 (ddd, J = 20.0, 12.0, 7.9 Hz,1 H), 1.76
(dd, J = 10.8, 5.3 Hz, 1H), 1.67-1.58 (m, 3H), 1.57-1.47 (m, 1H), 1.38-1.30 (m, 4H), 1.26
(s, 3H), 1.14 (s, 3H), 1.11 (s, 3H), 0.87 (s, 3H).
13C NMR (100 MHz, C6D6}
5 168.13, 84.2, 80.1, 76.9, 76.1, 69.5, 66.6, 42.0, 35.2, 29.7, 29.4, 28.7, 28.6, 28.4, 25.6, 2
1.5,20.6.
HR-MS (ESI) m/z calcd for C17H27BrO4 [M+Na]*: 397.0985, found 397.0981.
IR (thin film, NaCl): 2935, 1732, 1718, 1457, 1083 cm- .
{a]f= -15.2 (c = 0.42, CHCl3).
DIBAL-H, CH2Cl2
Me 0 Me -83*C, 76% Me H
Me Me Me O Me Me Me Me 053 6
To tert-butylester 53 (100 mg, 0.284 mmol, 100 mol %) in CH 2C12 (4.6 mL) at -
83 0C was added a 0.2 M solution of DIBAL-H in toluene (1.53 mL, 0.33 mmol, 115 mol
%) slowly over 30 min using a syringe pump. After addition was completed the reaction
mixture was immediately quenched with addition of MeOH (1 mL) at -83 'C. It was
further diluted with 25 mL of satd. aq. sodium potassium tartrate (Rochelle's salt)
solution. The reaction mixture was warmed to rt while stirring rigorously for 30 min. The
layers were separated and the aqueous layer was extracted with Et 20 (3 x 10 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (20% EtOAc in hexanes) isolated 60.3 mg (0.215 mmol, 76%) of
aldehyde 69 as a colorless oil. The following characterization data is given for the major
(R, S) diastereomer.
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'H NMR (600 MHz, C6D6l
8 9.28 (s, 1H), 5.14 (t, J = 7.1 Hz, 1H), 2.53-2.50 (m, 2H), 2.11-1.92 (m, 4H), 1.65 (s,
3H), 1.64-1.41 (m, 1 1H), 1.12 (s, 3H), 1.03 (s, 3H).
13C NMR (100 MHz, C6D }
8 200.1, 131.9, 124.8, 63.1, 62.5, 60.6, 60.3,41.1, 39.5 36.5, 26.2, 25.5, 24.6, 22.1, 18.0,
17.0, 16.8.
HR-MS (ESI) m/z caled for C17H280 3 [M+Na]*: 303.1931, found 303.1936.
IR (thin film, NaCl): 2966, 2928, 1725, 1700, 1653, 1559, 1457, 1386, cm-1.
Me H NaBH 4, MeOH, 0 'C, 78% Me . OH
Me Me Me 0 Me Me Me69 54
To aldehyde 69 (60.3 mg, 0.215 mmol. 100 mol %) in 1.5 mL MeOH at 0 *C was
added NaBH 4 (25 mg, 0.645 mmol, 300 mol %) in one portion. The reaction mixture was
stirred for 15 min at 0 'C. The solvent was then removed using a rotary evaporator and
the residue redissolved in Et20 (50 mL). It was then washed with satd. aq. Na2 CO 3 (50
mL). The aqueous layer was extracted with Et20 (3 x 10 mL). The combined organic
layers were dried over MgSO4 , filtered, and concentrated. Column chromatography (40%
EtOAc in hexanes) isolated 47.2 mg (0.167 mmol, 78%) of alcohol 54 as a colorless oil.
The following characterization data is given for the major (R, S) diastereomer.
'H NMR (500 MHz, CD 6)
6 5.14 (t, J = 7.1, Hz, IH), 3.40 (d, J = 4.2, Hz, 1H), 2.61-2.59 (m, 1H), 2.57-2.55 (m,
1H), 2.15-2.04 (m, 2H), 1.65 (s, 3H), 1.64-1.60 (m, 1H), 1.54-1.43 (m, 1 1H), 1.15-1.12
(m, 4H), 1.09 (s, 3H).
13 C NMR (125 MHz, CD 6)
6 131.9, 124.8, 63.6, 63.3,62.6, 60.5, 60.4, 39.5, 36.6, 30.4, 26.2, 26.2, 25.5, 24.6, 18.0, 1
7.0, 16.9.
HR-MS (ESI) m/z calcd for C17H 3003 [M+Na]*: 305.2087, found 305.2096.
IR (thin film, NaCl): 2921, 2859, 1473, 1457, 1437, 1387, cm.
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Br source, HFIP
Me 9. 0 OH MS34A, o*C
Me Me Me 3m
Me MH 0H Me
Me,, 0 + Me,, 0
Me Me
B" Me 57 Br me 57'
1:1 mixture of diastereomers obtained
Using NBS as the Br* source: 100 mg of 4A MS was activated according to the
procedure given in the General Experimental Methods. To this was added alcohol 54
(11.2 mg, 0.0397 mmol. 100 mol %, as a 4:1 mixture of diastereomers) in 1 mL of
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) under an argon atmosphere. The reaction
mixture was cooled to 0 'C and N-bromosuccinimide (NBS) (21.2 mg, 0.0936 mmol, 300
mol %) was added in one portion with rigorous stirring. The reaction mixture was kept
out of light. After 30 min at 0 0C it was diluted with Et2 O and filtered through celite,
using 20 mL of Et20 as the eluent. The solvent was removed using a rotary evaporator
and the residue was redissolved in 10 mL of Et20. It was then washed with a 1:1 mixture
of satd. aq. Na 2S2O3/NaCl (10 mL total). The aqueous layer was extracted with Et2O (2 x
5 mL). The combined organic layers were dried over MgSO 4, filtered, and concentrated.
Column chromatography (5% EtOAc in CH 2Cl2) isolated tetracycles 57 and 57' together
(8.3 mg, 0.0230 mmol, 58%) as white amorphous solids. Repeated flash chromatography
using this solvent system separated the two diastereomers for characterization purposes.
Using Br(coll) 2C0O4 as the Br* source: The same procedure was followed with
9.5 mg (0.0336 mmol, 100 mol %) of alcohol 54, 100 mg of 4A MS, 1 mL of HFIP, and
42.6 mg (0.101 mmol, 300 mol %) of Br(coll) 2C1 4 . Column chromatography (95:4:1
CH2Cl2/EtOAc/Et3 N) isolated tetracycles 57 and 57' together (6.3 mg, 0.0175 mmol,
52%) as white amorphous solids.
Characterization for tricycle 54:
'H NMR (400 MHz, C6D6)
8 3.66 (dd, J = 10.9, 1.5 Hz, 1H), 3.49 (app dd, J = 11.0, 4.2 Hz, 1H), 3.31 (td, J = 12.0,
2.0 Hz, 1H), 3.18-3.13 (m, 2H), 2.01-1.83 (m, 2H), 1.74 (ddd, J = 13.5, 5.4, 2.4 Hz, 1H),
1.67-1.44 (m, 5H), 1.40-1.35 (m, 4H), 1.32-1.23 (m, 3H), 1.16 (s, 3H), 1.14 (s, 3H), 1.11
(s, 3H).
13C NMR (100 MHz, C6D6)
6 79.0, 77.9, 77.2, 76.6, 71.5, 60.3, 42.5, 40.2, 32.2, 29.0, 28.6, 26.9, 26.0, 24.9, 21.3, 15.
9.
HR-MS (ESI) m/z calcd for C17H29BrO3 [M+Na]*: 383.1192, found 383.1208.
IR (thin film, NaCl): 2919, 2862, 1457, 1374, 1141, 1089, 1066 cm- .
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Dt 22= -19.6 (c = 0.21, CHCl 3).
Characterization for tricycle 54':
'H NMR (400 MHz, C-D6)
6 4.29 (dd, J = 10.3, 0.9 Hz, IH), 4.05 (dd, J = 6.1, 2.1 Hz 1H), 3.61 (dd, J = 10.9, 5.2
Hz, 1H), 3.47-3.43 (m, 1H), 3.33-3.26 (m, 1H), 2.53 (ddd, J = 14.5, 11.7, 4.0 Hz, 1H),
2.02-1.92 (m, 1H), 1.84-1.81 (m, 2H), 1.69-1.63 (m, 2H), 1.54-1.46 (m, 4H), 1.39-1.35
(m, 1H), 1.30 (s, 3H), 1.27 (s, 3H), 1.21 (s, 3H), 0.89 (s, 3H).
13C NMR (100 MHz, C6 D6)
6 79.6, 77.3, 76.7, 76.6, 72.3, 66.8, 60.4, 43.0, 35.5, 29.9, 29.3, 28.8, 28.7, 28.6, 26.8, 21.
8, 16.0.
HR-MS (ESI) m/z calcd for C17H29BrO3 [M+Na]*: 383.1192, found 383.1209.
IR (thin film, NaCl): 2934, 2858, 1452, 1377, 1223, 1122, 1091, 1080, 1063 cm-1.
L~KD= -16.7 (c = 0.24, CHC13).
S03-pyr, Et3 N
Me ~ ~ DMSO, CH2C 2 0
Me-OH 0 *C to rt, 81% , Me O
Me Me Me Me Me Me
63 S7
To diepoxy alcohol 63 (1.50 g, 5.88 mmol, 100 mol %) in CH 2Cl 2 under an argon
atmosphere was added EtN (2.45 mL, 17.6 mmol, 300 mol %) and DMSO (5.88 mL,
82.8 mmol, 1400 mol %). The reaction mixture was cooled to 0 0C and S0 3-pyr (1.88 g,
11.8 mmol. 200 mol %) was added in one portion. The reaction mixture was stirred for 4
h while warming to rt. It was then diluted with Et2O (200 mL) and washed with satd. aq.
NH4 Cl (200 mL). The aqueous layer was extracted with Et2O (2 x 100 mL) and the
combined organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (25% EtOAc in hexanes) isolated 1.21 g (4.76 mmol, 81%) of aldehyde
S7 as a colorless oil. The following characterization data is given for the major (R, S)
diastereomer.
'H NMR (500 MHz, C6D6)
6 9.14 (dd, J = 4.8, 0.7 Hz, 1H), 5.13 (t, J = 7.1 Hz, 1H), 2.82 (d, J = 4.8 Hz, 1H), 2.42-
2.40 (m, IH), 2.10-2.02 (m, 2H), 1.65 (s, 3H), 1.63-1.57 (m, 1H), 1.54 (s, 3H), 1.47-1.24
(m, 5H), 1.05 (s, 3H), 0.94 (s, 3H).
3C NMR (100 MHz, C6 D6
6 198.6, 132.0, 124.7,63.8,63.6,62.6,60.4,39.4,35.6,26.2,24.8,24.6, 18.0, 17.1, 17.0.
HR-MS (ESI) m/z calcd for C15H240 3 [M+H]*: 253.1798, found 253.1807.
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IR (thin film, NaCl): 2967, 2927, 1723, 1457, 1386, 1073 cm~1.
Ph 3P=CHCO 2Et 0 0
Me O CH 2Cl2, rt, 99% 3 Me O
Me Me Me Me Me Me OEt
S7 68
To aldehyde S7 in CH 2Cl2 under an argon atmosphere was added
(carbethoxymethylene)triphenylphosphorane (6.5 g, 18.7 mmol, 150 mol%). The reaction
mixture was stirred at rt for 4 h. The solvent was removed using a rotary evaporator and
the residue was applied directly to flash column chromatography using 15% EtOAc in
hexanes as the eluent. Enoate 68 was obtained as a colorless oil (4.01 g, 12.5 mmol,
99%). The following characterization data is given for the major diastereomer.
'H NMR (600 MHz, CD)
8 6.98 (dd, J = 15.7, 6.2 Hz, 1H), 6.18 (dd, J = 15.6, 1.04 Hz, 1H), 5.15 (t, J = 7.2 Hz,
1H), 4.00 (qd, J = 7.2, 1.5 Hz, 2H), 2.97 (dd, J = 6.2, 0.8 Hz, 1H), 2.50 (t, J = 6.2 Hz,
1H), 2.11-2.03 (m, 2H), 1.65 (s, 3H), 1.64-1.59 (m, 1H), 1.54 (s, 3H), 1.49-1.39 (m, 5H),
1.10 (s, 3H), 0.96 (t, J = 7.2 Hz, 3H), 0.95 (s, 3H).
"C NMR (100 MHz, C6D6
8 165.7, 143.5, 132.0, 125.5, 124.8, 63.8, 62.9, 61.7, 60.7, 60.4, 39.4, 36.0, 26.2, 25.3, 24.
6, 18.0, 17.1, 16.6, 14.6.
HR-MS (ESI) m/z calcd for C15H2 40 3 [M+Na]*: 345.2036, found 345.2039.
IR (thin film, NaCl): 2967, 2928, 1718, 1653, 1457, 1262, 1177 cm- .
0 [(Ph3P)CUH] 6, PhSiH3 0 0
Me 0 THF, C o rt, 1h,95% Me 0
Me Me Me OEt Me Me Me OEt
68 S8
To enoate 68 in THF (125 mL) under an argon atmosphere was added PhSiH 3 (3.1
mL, 24.8 mmol, 200 mol %) and the reaction mixture was cooled to 0 'C. [(Ph 3P)CuH]6
(740 mg, 0.377 mmol, 3 mol %) was added in one portion. The reaction mixture was
stirred for I h at 0 0C. It was then opened to air and H20 (50 mL) was added at 0 *C. The
quenched reaction mixture was stirred vigorously for 30 min at 0 0C. It was then filtered
through celite, using Et2O (250 mL) as the eluent. The biphasic filtrate was separated and
the organic layer was washed with satd. aq. NH 4Cl (250 mL). The aqueous layer was
extracted with Et2O (2 x 100 mL). The combined organic layers were dried over MgSO 4 ,
filtered through a bed of silica, and concentrated. Column chromatography (10% EtOAc
in hexanes) isolated 3.82 g (11.8 mmol, 95%) of ester S8 as a colorless oil. The following
characterization data is given for the major diastereomer.
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'H NMR (600 MHz, C-D61
8 5.13 (t, J = 7.2 Hz, 1H), 3.94 (q, J = 7.1 Hz, 2H), 2.64 (app t, J = 6.2 Hz, 1H), 2.54-
2.53 (m, 1H), 2.32-2.22 (m, 2H), 2.13-2.02 (m, 2H), 1.82-1.69 (m, 2H), 1.65 (s, 3H),
1.63-1.59 (m, IH), 1.53 (s, 3H), 1.51-1.41 (m, 5H), 1.12 (s, 3H), 1.07 (s, 3H), 0.95 (t, J=
7.2 Hz, 3H).
13C NMR (100 MHz, C6D6)
8 172.8, 131.9, 124.8, 63.1, 62.5, 60.6, 60.6, 60.3, 39.5, 36.4, 31.6, 26.2, 25.5, 25.0, 24.6,
18.0, 17.0, 16.9, 14.6.
HR-MS (ESI) m/z calcd for C19H320 4 [M+Na]*: 347.2193, found 347.2192.
IR (thin film, NaCl): 2967, 2929, 1734, 1457, 1134 cm-
DIBAL-H, PhMe
Me O1 0 0 -78 *C, 45 min, 73% Me 0
Me Me Me OEt Me Me Me H
S8 69
To ester S8 (3.82 g, 11.8 mmol, 100 mol %) in toluene (105 mL) at -78 'C was
added a 0.2 M solution of DIBAL-H in toluene (54.7 mL, 11.8 mmol, 100 mol %) slowly
over 45 min using a syringe pump. After addition was completed the reaction mixture
was immediately quenched with addition of MeOH (15 mL) at -78 'C. It was further
diluted with 105 mL of satd. aq. sodium potassium tartrate (Rochelle's salt) solution. The
reaction mixture was warmed to rt while stirring rigorously for 30 min. It was then
diluted with Et20 (300 mL) and washed with satd. aq. NaCl (300 mL). The aqueous layer
was extracted with Et20 (2 x 100 mL). The combined organic layers were dried over
MgSO4 , filtered, and concentrated. Column chromatography (20% EtOAc in hexanes)
isolated 2.43 g (8.66 mmol, 73%) of aldehyde 69 as a colorless oil. The following
characterization data is given for the major diastereomer.
'H NMR (600 MHz, C6D6 )
6 9.28 (s, 1H), 5.14 (t, J = 7.1 Hz, 1H), 2.53-2.50 (m, 2H), 2.11-1.92 (m, 4H), 1.65 (s,
3H), 1.64-1.41 (m, 1 1H), 1.12 (s, 3H), 1.03 (s, 3H).
3C NMR (100 MHz, CD)
6 200.1, 131.9, 124.8, 63.1, 62.5, 60.6, 60.3, 41.1, 39.5, 36.5, 26.2, 25.5, 24.6, 22.1, 18.0,
17.0, 16.8.
HR-MS (ESI) m/z calcd for C17H280 3 [M+Na]*: 303.1931, found 303.1936.
IR (thin film, NaCl): 2966, 2928, 1725, 1700, 1653, 1559, 1457, 1386, cm-.
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Ph3P=C(CH 3)CHO
PhH, reflux Me
Me O 64%, >95:5 EZ , Me O
Me Me Me H Me Me Me H
69 S9
A mixture of aldehyde 69 (95.0 mg, 0.339 mmol, 100 mol %) and 2-
(triphenylphosphoranylidene)propionaldehyde (140 mg, 0.440 mmol, 130 mol %) in
benzene (2.5 mL) was refluxed for 24 h. The rection mixture was then cooled to rt and
the solvent removed using a rotary evaporator. The residue was applied directly to flash
column chromatography using 20% EtOAc in hexanes as the eluent. Enal S9 was
obtained as a colorless oil (69.3 mg, 0.216 mmol, 64%). The following characterization
data is given for the major diastereomer.
'H NMR (600 MHz, C D6 )
6 9.29 (s, 1H), 5.89 (t, J = 7.4 Hz, 1H), 5.13 (t, J = 7.2 Hz, 1H), 2.56-2.54 (m, 1H), 2.46
(t, J = 6.2 Hz, 1H), 2.14-2.01 (m, 4H), 1.65 (s, 3H), 1.63 (s, 3H), 1.62-1.41 (m, 9H), 1.36-
1.32 (m, 2H), 1.14 (s, 3H), 1.06 (s, 3H).
13C NMR (100 MHz, C6D6
6 194.2, 152.1, 140.3, 132.0, 124.7, 63.2, 62.9, 60.3, 60.3, 39.5, 36.6, 28.2, 26.4, 26.2, 25.
5, 24.6, 18.0, 17.1, 16.9, 9.5.
HR-MS (ESI) m/z calcd for C20H320 3 [M+Na]*: 343.2244, found 343.2249.
IR (thin film, NaCl): 2965, 2927, 1686, 1653, 1457, 1385 cm-1.
Me NaBH4, MeOH Me
Me O110 0 *C, 81% Me
Me Me Me H Me Me Me OH
S9 70
To enal S9 (38.6 mg, 0.120 mmol, 100 mol %) in MeOH (1 mL) at 0 'C was
added NaBH 4 (12.1 mg, 0.32 mmol, 270 mol %). The reaction mixture was stirred at 0 'C
for 1 h. It was then diluted with Et2O (30 mL) and washed with 30 mL of satd. aq.
NaHCO 3. The aqueous layer was extracted with Et2O (3 x 10 mL). The combined organic
layers were dried over MgSO 4 , filtered, and concentrated. Column chromatography (40%
EtOAc in hexanes) isolated 31.3 mg (0.0972 mmol, 81%) of allylic alcohol 70 as a
colorless oil.
'H NMR (500 MHz, C D6)
6 5.39 (t, J = 7.2 Hz, 1H), 5.13 (t, J = 7.1 Hz, 1H), 3.83 (br s, 2H), 2.63 (t, J = 5.9 Hz,
1H), 2.58 (t, J = 5.1 Hz, 1H), 2.14-2.06 (m, 4H), 1.65 (s, 3H), 1.63-1.60 (m, 1H), 1.58-
1.54 (m, 6H), 1.53 (s, 3H), 1.52-1.41 (m, 4H), 1.13 (s, 3H), 1.12 (s, 3H).
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"C NMR (100 MHz, C6D6)
8 136.5, 131.9, 124.8, 124.5, 68.7, 63.4, 63.3, 60.6, 60.3, 39.5, 36.5, 29.4, 26.2, 25.5, 25.3
,24.6, 18.0, 17.0, 17.0, 14.0.
HR-MS (ESI) m/z caled for C20H340 3 [M+Na]*: 345.2400, found 345.2402.
IR (thin film, NaCl): 3447, 2964, 2922, 1653, 1559, 1457, 1387 cm- .
-6.2 (c = 1.2, CHCl 3).
L-(+)-DET, Ti(O i-Pr)4, t-
Me BuOOH, 4A MS, CH2C 2  Me
Me 9 0 -48 C, 80%, 95:5 dr Me 9" 0 OH
Me Me Me OH Me Me Me
70 S10
82 mg of 4A MS was activated according to the procedure given in the General
Experimental Methods. To this 2 mL of CH 2 C12 was added under an argon atmosphere.
The reaction mixture was cooled to -20 *C. L-(+)-DET (9.35 L, 0.0546 mmol, 12.5 mol
%) followed by Ti(Oi-Pr)4 (12.9 pL, 0.0437 mmol, 10 mol %) were added sequentially.
The reaction mixture was cooled further to -48 'C and t-BuOOH (0.10 mL, 0.546 mmol,
125 mol %) was added. The reaction mixture was stirred at this temperature for 30 min.
allylic alcohol 70 (141 mg, 0.437 mmol, 100 mol%) was then added in 0.5 mL CH2C12-
The reaction mixture was stirred at -48 *C for I h. It was then quenched at the same
temperature by the addition of ice-cold 40% NaOH solution in brine, made from 60 mg
of NaOH and 7.5 mg of NaCl dissolved in 0.15 mL H20. The quenched reaction mixture
was stirred at 0 'C for 30 min. It was then filtered through celite, eluted with 50 mL of
Et20, and washed with satd. aq. Na 2S2O3 (50 mL). The organic layer was dried over
MgSO 4, filtered, and concentrated. Column chromatography (50:49:1
hexanes/EtOAc/EtN) isolated 118 mg (0.350 mmol, 80%) of triepoxy alcohol S10 as a
colorless oil with a 95:5 dr.
'H NMR (500 MHz, C6D6)
6 5.14 (t, J= 7.2 Hz, IH), 3.34 (d, J= 2.4 Hz, 1H), 3.33 (s, 1H), 2.89 (dd, J= 6.9,5.4 Hz,
1H), 2.61-2.56 (m, 2H), 2.13-2.07 (m, 2H), 1.66 (s, 3H), 1.64-1.37 (m, 10H), 1.54 (s,
3H), 1.14 (s, 3H), 1.08 (s, 3H), 1.04 (s, 3H).
13C NMR (125 MHz, C6D6)
8 131.9, 124.8, 66.5, 63.2, 63.0, 61.0, 60.5, 60.4, 59.8, 39.5, 36.5, 26.5, 26.2, 26.1, 25.5, 2
4.6, 18.0, 17.0, 16.9, 14.6.
HR-MS (ESI) m/z calcd for C20H340 4 [M+Na]*: 361.2349, found 361.2354.
IR (thin film, NaCl): 3447, 2964, 2926, 1472, 1457, 1437, 1386, 1073, 1042 cm.
{lgjD = -13.6 (c = 0.30, CHCl3).
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Me Boc20, PhMe Me
Me -" - - OH 0 *C to rt, 4 h, 68% Me O-- 0 Ot-Bu
Me Me Me Me Me Me 0
S10 66
Triepoxy alcohol S10 (724 mg, 2.14 mmol, 100 mol %) in toluene (6.6 mL) was
cooled to 0 0C under an argon atmosphere. 1-Methylimidazole (0.230 mL, 2.89 mmol,
135 mol %) followed by Boc 20 (0.660 mL, 2.89 mmol, 135 mol %) were added
dropwise. The reaction mixture was stirred for 5 h while warming to rt. The solvent was
then removed using a rotary evaporator and the residue applied directly to flash column
chromatography using a slow gradient of 90:9:1 to 30:69:1 hexanes/Et 20/Et3 N as the
eluent. Carbonate 66 was isolated as a colorless oil (636 mg, 1.46 mmol, 68%).
'H NMR (500 MHz, C-D)6
8 5.14 (t, J= 7.1 Hz, 1H), 4.07 (d, J= 11.5 Hz, 1H), 3.94 (d, J= 11.5 Hz, 1H), 2.72 (dd, J
= 6.6, 5.3 Hz, 1H), 2.59-2.56 (m, 2H), 2.13-2.07 (m, 2H), 1.66 (s, 3H), 1.64-1.60 (m,
1H), 1.57-1.36 (m, 13H), 1.34 (s, 9H), 1.15 (s, 3H), 1.12 (s, 3H), 1.07 (s, 3H).
13 C NMR (125 MHz, C6D6 )
8 154.3, 131.9, 124.8, 81.9, 71.4, 63.2, 62.7, 60.8, 60.3, 58.6, 39.5, 36.4, 28.0, 26.4, 26.2,
25.9, 25.5, 24.6, 18.0, 17.1, 16.9, 14.7.
HR-MS (ESI) m/z calcd for C2 5H4 20 6 [M+Na]*: 461.2874, found 461.2870.
IR (thin film, NaCl): 2967, 2926, 1741, 1457, 1284, 1253, 1163 cm-1 .
{a]jD_ =-13.7 (c = 0.33, CHC 3).
Me NBS, HFIP
Me O 0 Me 4A,0'C
Meo Me Me 0Me e l5 min, 72%
Me Me Me 66 O Me (combined yield)
MeH me Me
H Me 
Me 00 
e
Me,Q 0 +Me,Me "0 
+M
Br"" e 67 Br Me H 67"
1:1 mixture of diastereomers obtained
760 mg of 4A MS was activated according to the procedure given in the General
experimental methods. To this was added carbonate 66 (91.9i mg, 0.2095 mmol. 100 mol
%) in 7.60 mL of 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) under an argon atmosphere.
The reaction mixture was cooled to 0 'C and N-bromosuccinimide (NBS) (122 mg, 0.684
mmol, 300 mol %) was added in one portion with rigorous stirring. The reaction mixture
was kept out of light. After 15 min it was diluted with Et20 and filtered through celite,
using 30 mL of Et2 O as the eluent. The solvent was removed using a rotary evaporator
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and the residue was redissolved in 20 mL of Et2 O. It was then washed with a 1:1 mixture
of satd. aq. Na 2S2O3:NaCl (20 mL total). The aqueous layer was extracted with Et2 O (2 x
10 mL). The combined organic layers were dried over MgSO 4, filtered, and concentrated.
Column chromatography (50% EtOAc in hexanes) isolated the following as white
amorphous solids: tetracycle 67 (31.6 mg, 0.0685 mmol, 33%), 67' (31.2 mg, 0.0676
mmol, 33%) and ~1:1 mixture of the two (5.8 mg, 0.0126 mmol, 6%).
Characterization for tetracycle 67:
'H NMR (500 MHz, C6D6)
8 4.02 (d, J= 8.2 Hz, 1H), 3.99 (dd, J= 10.5, 2.0 Hz, 1H), 3.60 (dd, J= 11.9, 4.6 Hz,
1H), 3.37 (dd, J= 12.0, 5.4 Hz, 1H), 3.29 (d, = 10.8, 1H), 3.27 (d, = 8.2 Hz , 1H), 2.04-
1.92 (m, 2H), 1.72-1.66 (m, 1H), 1.53-1.47 (m, 2H), 1.43-1.32 (m, 8H), 1.28-1.22 (m,
4H), 1.12 (s, 3H), 1.08 (s, 3H), 1.04-1.00 (m, 1H), 0.81 (s, 3H).
13 C NMR (125 MHz, C6D6 )
6 154.7, 83.3, 79.6, 78.6, 78.0, 76.2, 71.3, 70.7, 69.5, 60.1, 40.9, 38.9, 32.2, 29.1, 26.0, 24
.9, 23.9, 23.2, 21.1, 20.7, 19.9.
HR-MS (ESI) m/z caled for C21H33BrO6 [M+Na]*: 483.1353, found 483.1369.
IR (thin film, NaCl): 2938, 1793, 1457, 1382, 1094, 1070 cm-1
r[a12 = -26.1 (c = 0.20, CHCl3).
Characterization for tetracycle 67':
'H NMR (500 MHz, C6D)
6 4.21 (dd, J= 10.3, 1.1 Hz, 1H), 4.07 (dd, J= 5.4, 2.6 Hz, 1H), 3.89 (d, J= 8.1 Hz, 1H),
3.76 (app t, J= 8.4 Hz, 1H), 3.53 (dd, J= 11.9, 4.7 Hz, 1H), 3.18 (d, J= 8.1 Hz, 1H),
2.45 (ddd, J = 14.5, 10.9, 4.7 Hz, 1H), 1.78-1.62 (m, 4H), 1.53-1.43 (m, 5H), 1.32 (s,
3H), 1.22 (s, 3H), 1.13 (s, 3H), 1.07-1.00 (m, 1H), 1.91-0.84 (m, 4H), 0.65 (s, 3H).
13C NMR (125 MHz, C D}
6 154.8, 83.5, 80.2, 78.6, 76.8, 76.1, 71.0, 70.9, 70.1, 67.1, 39.1, 36.0, 29.9, 29.5, 28.7, 28
.6, 24.1, 23.4, 21.6, 20.9, 20.3.
HR-MS (ESI) m/z calcd for C21H33BrO6 [M+Na]*: 483.1353, found 483.1359.
IR (thin film, NaCl): 2978, 2938, 1802, 1457, 1381, 1284, 1250, 1181, 1156, 1094 cm 1 .
{a}2 = -5.6 (c = 6.7, CHCl 3).
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X-Ray Crystallographic Data for Tetracycle 67:
The sample is saved on MIT's Reciprocal Net server as sample 08351. All
thermal ellipsoid images were generated using Ortep-3 for Windows v. 2.02. all
displacement ellipsoids are scaled to 50% probability.
C17
01 C7 06
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04
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68
C21
Table 1. Crystal data and structure refinement for 08351.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions
Volume
Z
Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected
Independent reflections
Completeness to theta = 30.03*
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter
Largest diff. peak and hole
08351
C21 H33 Br 06
461.38
100(2) K
0.71073 A
Orthorhombic.
P2(1)2(1)2(l)
a = 10.5972(l1) A
b = 13.1485(13),k
c = 16.0477(16) A
2236.0(4) A3
4
a= 900.
b= 900.
g = 900.
1.371 Mg/m3
1.871 mm-1
968
0.33 x 0.30 x 0.20 mm3
2.00 to 30.030.
-14<=h<=14, -18<=k<=18, -22<=l<=22
60558
6525 [R(int) = 0.0439]
100.0 %
Semi-empirical from equivalents
0.7060 and 0.5773
Full-matrix least-squares on F 2
6525/0/258
1.043
RI = 0.0326, wR2 = 0.0817
RI = 0.0390, wR2 = 0.0844
0.007(5)
0.769 and -0.274 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for 08351. U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.
x y z U(eq)
Br(l)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
1338(1)
5276(1)
6620(1)
7609(1)
6819(1)
8640(1)
8408(2)
3982(2)
3150(2)
3478(2)
4502(2)
5824(2)
5741(2)
6986(2)
7249(2)
7522(2)
6450(2)
6422(2)
6074(2)
6442(2)
6621(2)
7855(2)
7986(2)
3881(2)
3696(2)
6475(2)
8822(2)
5453(2)
6278(1)
6355(1)
6350(1)
3722(1)
1685(1)
1583(1)
783(1)
6155(1)
6253(2)
7166(1)
6914(1)
6678(1)
5854(1)
5311(1)
4396(1)
4661(1)
5327(1)
5264(1)
4165(1)
3422(1)
2333(1)
2185(1)
1308(2)
5088(1)
6959(1)
7648(1)
5159(1)
1950(1)
1917(1)
2178(1)
68(1)
-328(1)
-287(1)
-972(1)
254(1)
2416(1)
1616(1)
1061(1)
413(1)
749(1)
1437(1)
1636(1)
1060(1)
149(1)
-209(1)
-1154(1)
-1400(1)
-704(1)
-1021(1)
-1512(1)
-283(1)
2792(1)
3069(1)
1063(1)
50(1)
-1472(1)
40(1)
20(1)
20(1)
18(1)
22(1)
30(1)
38(1)
20(1)
24(1)
27(1)
24(1)
19(1)
17(1)
20(1)
18(1)
17(1)
16(1)
20(1)
20(1)
17(1)
20(1)
26(1)
25(1)
25(1)
29(1)
30(1)
23(1)
30(1)
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Table 3. Bond lengths [A] and angles [*] for 08351.
Br(1)-C(2)
0(1)-C(6)
0(1)-C(1)
0(2)-C( 10)
0(2)-C(5)
0(3)-C(13)
0(3)-C(9)
0(4)-C(16)
0(4)-C(14)
0(5)-C(1 6)
0(5)-C(1 5)
0(6)-C( 16)
C(l)-C(18)
C(1)-C(17)
C(1)-C(2)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H(3A)
C(3)-H(3B)
C(4)-C(5)
C(4)-H(4A)
C(4)-H(4B)
C(5)-C(19)
C(5)-C(6)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(8)-C(9)
C(8)-H(8A)
C(8)-H(8B)
C(9)-C(20)
1.9811(17)
1.4449(19)
1.449(2)
1.4270(18)
1.4464(19)
1.4318(19)
1.4559(19)
1.332(2)
1.468(2)
1.355(2)
1.439(2)
1.191(2)
1.519(2)
1 .530(2)
1.563(3)
1.535(3)
1.0000
1.540(2)
0.9900
0.9900
1.533(3)
0.9900
0.9900
1.534(2)
1.551(2)
1.533(2)
1.0000
1.542(2)
0.9900
0.9900
1.532(2)
0.9900
0.9900
1.534(2)
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C(9)-C(10) 1.544(2)
C(10)-C(l 1) 1.520(2)
C(10)-H(10) 1.0000
C(11)-C(12) 1.543(2)
C(11)-H(11 A) 0.9900
C(ll)-H(11B) 0.9900
C(12)-C(13) 1.534(2)
C(12)-H(12A) 0.9900
C(12)-H(12B) 0.9900
C(1 3)-C(14) 1.532(2)
C(13)-H(13) 1.0000
C(14)-C(21) 1.520(2)
C(14)-C(15) 1.539(2)
C(15)-H(15A) 0.9900
C(15)-H(15B) 0.9900
C(17)-H(17A) 0.9800
C(17)-H(17B) 0.9800
C(17)-H(17C) 0.9800
C(18)-H(18A) 0.9800
C(1 8)-H(1 8B) 0.9800
C(18)-H(18C) 0.9800
C(19)-H(19A) 0.9800
C(19)-H(19B) 0.9800
C(19)-H(19C) 0.9800
C(20)-H(20A) 0.9800
C(20)-H(20B) 0.9800
C(20)-H(20C) 0.9800
C(21)-H(21A) 0.9800
C(21)-H(21B) 0.9800
C(21)-H(21C) 0.9800
C(6)-O(1)-C(1) 117.18(12)
C(10)-O(2)-C(5) 116.30(12)
C(13)-O(3)-C(9) 113.55(12)
C(16)-O(4)-C(14) 110.70(14)
C(16)-O(5)-C(15) 110.08(14)
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O(l)-C(l)-C(18)
O(l)-C(l)-C(17)
C(18)-C(1)-C(17)
0(1)-C(1)-C(2)
C(1 8)-C(1)-C(2)
C(I 7)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-Br(1)
C(1)-C(2)-Br(l)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
Br(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3B)
C(4)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4B)
C(3)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
0(2)-C(5)-C(4)
0(2)-C(5)-C(19)
C(4)-C(5)-C( 19)
0(2)-C(5)-C(6)
C(4)-C(5)-C(6)
C(I 9)-C(5)-C(6)
0(1)-C(6)-C(7)
0(1)-C(6)-C(5)
C(7)-C(6)-C(5)
0(1)-C(6)-H(6)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
104.14(14)
109.68(14)
110.58(14)
107.57(12)
113.44(15)
111.11(14)
114.44(15)
110.35(12)
110.29(11)
107.1
107.1
107.1
112.49(14)
109.1
109.1
109.1
109.1
107.8
116.77(14)
108.1
108.1
108.1
108.1
107.3
109.13(13)
103.60(14)
110.99(15)
111.25(13)
109.87(14)
111.85(14)
109.50(13)
106.63(12)
115.14(14)
108.5
108.5
108.5
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C(6)-C(7)-C(8)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7B)
C(8)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8B)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
O(3)-C(9)-C(8)
O(3)-C(9)-C(20)
C(8)-C(9)-C(20)
O(3)-C(9)-C(10)
C(8)-C(9)-C(10)
C(20)-C(9)-C(10)
O(2)-C(10)-C(ll)
O(2)-C(10)-C(9)
C(1 1)-C(10)-C(9)
O(2)-C(10)-H(10)
C(1 1)-C(10)-H(10)
C(9)-C(10)-H(10)
C(10)-C(11)-C(1 2)
C(10)-C(11)-H(11A)
C(12)-C(11)-H(11A)
C(10)-C(l l)-H(1 IB)
C(12)-C(l l)-H(1 IB)
H(11A)-C(ll)-H(llB)
C(1 3)-C(12)-C(1 1)
C(1 3)-C(12)-H(12A)
C(1 1)-C(1 2)-H(12A)
C(13)-C(12)-H(12B)
C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
113.17(13)
108.9
108.9
108.9
108.9
107.8
115.42(13)
108.4
108.4
108.4
108.4
107.5
108.73(12)
104.50(13)
111.43(14)
109.42(13)
110.17(13)
112.37(13)
111.38(12)
109.02(13)
110.76(14)
108.5
108.5
108.5
108.18(13)
110.1
110.1
110.1
110.1
108.4
110.38(13)
109.6
109.6
109.6
109.6
108.1
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O(3)-C(13)-C(14)
O(3)-C(13)-C(12)
C(I 4)-C(1 3)-C(1 2)
O(3)-C(1 3)-H(13)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
O(4)-C(14)-C(21)
O(4)-C(14)-C(13)
C(2 1)-C(1 4)-C( 13)
O(4)-C(14)-C(15)
C(21)-C(14)-C(15)
C(13)-C(14)-C(15)
O(5)-C(15)-C(14)
O(5)-C(1 5)-H(1 5A)
C(1 4)-C(I 5)-H(1 5A)
O(5)-C(I 5)-H(1 5B)
C(14)-C(15)-H(15B)
H(I 5A)-C(I 5)-H(1 5B)
O(6)-C(I 6)-O(4)
O(6)-C(1 6)-O(5)
O(4)-C(1 6)-O(5)
C(1)-C(17)-H(17A)
C(1)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(1)-C(1 7)-H(I 7C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
C(1)-C(1 8)-H(I 8A)
C(1)-C(I 8)-H(1 8B)
H(1 8A)-C(18)-H(18B)
C(1)-C(I 8)-H(I 8C)
H(I 8A)-C(I 8)-H(1 8C)
H(1 8B)-C(1 8)-H(1 8C)
C(5)-C(19)-H(19A)
C(5)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
106.86(13)
110.58(13)
112.57(13)
108.9
108.9
108.9
107.85(14)
107.06(13)
111.55(15)
102.47(14)
113.96(15)
113.17(14)
104.59(14)
110.8
110.8
110.8
110.8
108.9
124.65(18)
123.59(17)
111.75(16)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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C(5)-C(19)-H(19C) 109.5
H(19A)-C(19)-H(19C) 109.5
H(19B)-C(19)-H(19C) - 109.5
C(9)-C(20)-H(20A) 109.5
C(9)-C(20)-H(20B) 109.5
H(20A)-C(20)-H(20B) 109.5
C(9)-C(20)-H(20C) 109.5
H(20A)-C(20)-H(20C) 109.5
H(20B)-C(20)-H(20C) 109.5
C(14)-C(21)-H(21A) 109.5
C(14)-C(21)-H(21B) 109.5
H(21A)-C(21)-H(21B) 109.5
C(14)-C(21)-H(21C) 109.5
H(21A)-C(21)-H(21C) 109.5
H(21B)-C(21)-H(21C) 109.5
Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103) for 08351. The anisotropic
displacement factor exponent takes the form: -2p 2[ h 2 a* 2U" + ... + 2 h k a* b* U12 ]
U"1 U22 U33 U23 U13 U12
Br(l)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
C(l)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(1 1)
C( 12)
C(13)
C(14)
C(15)
C( 16)
C(17)
C(18)
C(19)
C(20)
C(21) 31(1)
25(1)
26(1)
28(1)
16(1)
21(1)
21(1)
31(1)
27(1)
22(1)
35(1)
34(1)
29(1)
22(1)
22(1)
17(1)
17(1)
22(1)
30(1)
24(1)
16(1)
22(1)
29(1)
22(1)
34(1)
41(1)
47(1)
20(1)
56(1)
19(1)
12(1)
16(1)
18(1)
36(1)
41(1)
17(1)
27(1)
24(1)
20(1)
14(1)
16(1)
22(1)
18(1)
14(1)
12(1)
17(1)
20(1)
15(1)
16(1)
22(1)
24(1)
22(1)
26(1)
16(1)
22(1)
21(1)
38(1)
14(1)
18(1)
23(1)
28(1)
33(1)
41(1)
16(1)
23(1)
23(1)
18(1)
15(1)
12(1)
16(1)
18(1)
19(1)
14(1)
14(1)
15(1)
19(1)
23(1)
27(1)
30(1)
20(1)
21(1)
26(1)
28(1)
37(1)
-7(1)
-4(1)
-1(1)
-3(1)
2(1)
-5(1)
4(1)
-3(1)
-2(1)
2(1)
4(1)
-1(1)
-1(1)
-1(1)
2(1)
-2(1)
0(1)
1(1)
0(1)
-1(1)
-1(1)
-4(1)
-8(1)
2(1)
-7(1)
-5(1)
-3(1)
-4(1)
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6(1)
4(1)
7(1)
1(1)
2(1)
4(1)
-6(1)
4(1)
4(1)
2(1)
3(1)
4(1)
0(1)
-3(1)
-1(1)
1(1)
2(1)
3(1)
1(1)
2(1)
1(1)
7(1)
-3(1)
2(1)
11(1)
10(1)
3(1)
-7(1)
7(1)
-1(1)
-2(1)
0(1)
2(1)
4(1)
10(1)
-1(1)
6(1)
14(1)
10(1)
2(1)
0(1)
0(1)
3(1)
-1(1)
1(1)
-1(1)
-2(1)
-2(1)
-1(1)
2(1)
-1(1)
-5(1)
2(1)
-8(1)
-5(1)
-5(1)
Table 5. Hydrogen coordinates ( x 104) and isotropic
for 08351.
displacement parameters (A2x 10 3)
x y z U(eq)
H(2)
H(3A)
H(3B)
H(4A)
H(4B)
H(6)
H(7A)
H(7B)
H(8A)
H(8B)
H(10)
H(I1A)
H(11B)
H(12A)
H(12B)
H(13)
H(15A)
H(15B)
H(17A)
H(17B)
H(17C)
H(18A)
H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
3294
3775
2706
4213
4571
5108
6963
7688
7979
6509
5628
7258
5789
5155
6519
5766
7694
8256
4156
3003
4419
4332
2858
3715
7315
5970
6554
9482
8903
8913
5626
7733
7396
6321
7496
5332
5072
5804
4016
3936
5070
5445
5745
4119
3977
3425
1826
2849
4584
4954
5044
6926
6835
7634
7478
7951
8134
4653
5721
5420
78
1276
1416
768
85
24
1261
2221
1585
1286
1078
12
-1385
-1379
-1505
-1921
-269
-2044
-1634
2380
2949
3287
3512
3306
2810
1276
1510
603
159
448
-519
H(21A)
H(21B)
H(21C)
5531
5370
4704
1217
2303
2083
-1570
-2007
-1130
45
45
45
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MHM0 MeHMeHMe HHH M HO
Meo NaOH, MeOH, rt, 83% OH
Me Me,,0r'e
Br"** lleH 67 Br"'* 'Me H Si
To a vigorously stirring suspension of tetracycle 67 (33.1 mg, 0.0717 mmol, 100
mol %) in MeOH (1.6 mL) at rt was added NaOH (44 mg, 1.10 mmol, 1500 mol %) in
one portion. The reaction was stirred vigorously at rt for 2 h. It was then quenched by the
addition of solid NH4 Cl (35 mg). After stirring vigorously at rt for 10 min the reaction
mixture was filtered through celite and eluted with'50 mL of Et20. The solvent was
removed using a rotary evaporator and the residue was applied to flash column
chromatography using 50% EtOAc in hexanes as the eluent. Diol S11 was isolated as a
white amorphous solid (25.8 mg, 0.0595 mmol, 83%).
'H NMR (500 MHz, C6D)
6 3.74-3.66 (m, 3H), 3.39-3.35 (m, 2H), 3.14 (d, J= 10.8 Hz, 1H), 2.59 (br s, 1H), 2.21
(br s, 1H), 1.99-1.85 (m, 2H), 1.75-1.67 (m, 1H), 1.60-1.48 (m, 5H), 1.35 (s, 3H), 1.34-
1.29 (m, 3H), 1.23-1.19 (m, 1H), 1.13 (s, 3H), 1.11 (s, 3H), 1.10 (s, 3H), 1.06 (s, 3H).
13C NMR (125 MHz, C DO)
6 79.5, 78.6, 78.0, 76.2, 73.6, 73.4, 69.8, 67.9, 60.2, 40.8, 38.8, 32.2, 29.4, 26.1, 24.8, 24.
3, 23.7, 21.1, 21.0, 20.8.
HR-MS (ESI) m/z calcd for C2 0H3 5BrO5 [M+Na]*: 457.1560, found 457.1575.
IR (thin film, NaCl): 3447, 2918, 2850, 1457, 1382, 1216, 1139, 1110, 1083, 1057, 759
c -1.cm.
Ja]D = -34.4 (c = 0.24, CHC 3).
Me e 
0
rMe H OH 
H TO Me
He 0 NalO 4, THF/H 20, rt, 96% Me oMeMe, OH Me
Br"' HH 71
Me"*H 1 Br'*** Me H 71
To a vigorously stirring solution of diol S11 (27.9 mg, 0.0641 mmol, 100 mol %)
in THF/H20 (1:1 v/v, 3.4 mL total) was added NaIO 4 (30.8 mg, 0.144 mmol, 225 mol %)
in one portion. After stirring vigorously at rt for 15 min, the THF was removed using a
rotary evaporator and the reaction mixture was diluted with Et2 0 (15 mL) and washed
with brine (10 mL). The aqueous layer was extracted with Et2O (3 x 5 mL). The
combined organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (15% EtOAc in hexanes) isolated 24.8 mg (0.0615 mmol, 96%) of
ketone 71 as a white solid.
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'H NMR (500 MHz, C6 D6)
8 3.69 (dd, J= 11.0, 1.6 Hz, 1H), 3.60 (dd, J= 6.6, 1.9 Hz, 1H), 3.12-3.08 (m, 2H), 2.39-
2.34 (m, 1H), 2.02 (s, 3H), 1.96-1.85 (m, 2H), 1.80-1.65 (m, 3H), 1.56-1.42 (m, 3H),
1.36-1.30 (m, 4H), 1.27-1.83 (m, 2H), 1.12 (s, 3H), 1.09 (s, 3H), 1.02 (s, 3H).
13C NMR (100 MHz, CD}
6 209.5, 79.3, 79.2, 78.0, 76.5, 76.2, 71.5, 60.2, 42.5, 40.1, 32.2, 28.9, 26.5, 26.0, 25.0, 25
.0, 24.0, 21.2, 18.3, 7.4, 7.4, 7.0, 5.7.
HR-MS (ESI) m/z calcd for C19H31BrO4 [M+Na]*: 425.1298, found 425.1306.
IR (thin film, NaCl): 2948, 1711, 1457, 1110, 1064 cm-1.
[l22in= -30.9 (c = 0.84, CHCl3).
O LHMDS, Comins' Me H
Me H reagent, THF, -78 *C H Me
M e M e q u a n t . B 'Me , 0 O T fMe reget Me,78'Me M
0 '0H
Br" 'me 71e 72
N-(5-Chloro-2-pyridyl)bis(trifluoromethanesulfonimide) (7.89 mg, 0.0201 mmol,
150 mol %) was dissolved in 0.3 mL of THF at rt under an argon atmosphere. After the
reaction mixture was cooled to -78 'C a 1.0 M solution of LHMDS in THF (30.0 [tL,
0.030 mmol, 150 mol %) was added in one portion. Ketone 71 (5.4 mg, 0.0134 mmol,
100 mol %) was then added in 0.3 mL THF dropwise via cannula transfer. The reaction
mixture was stirred at to -78 'C for 1.5 h. It was then quenched at -78 'C by the
dropwise addition of 0.5 mL of H 20. The quenched reaction mixture was brought to rt
and diluted with 15 mL of Et20. It was then washed with 15 mL of satd. aq. NaCl. The
aqueous layer was extracted with Et 2O (2 x 7 mL). The combined organic layers were
dried over MgSO4 , filtered, and concentrated. Column chromatography (95:4:1
hexanes/EtOAc/Et3N) isolated 8.0 mg (quant.) of alkenyl triflate 72 as a white solid.
'H NMR (500 MHz, C6D6)
6 4.77 (dd, J = 4.1, 1.3 Hz, 1H), 4.47 (dd, J = 4.0, 1.7 Hz, 1H), 4.33-4.32 (m, 1H),
3.71 (dd, J = 10.9, 1.6 Hz, 1H), 3.09 (d, J = 10.8 Hz, 1H), 3.08 (d, J = 10.9 Hz, 1H),
2.00-1.87 (m, 2H), 1.77-1.65 (m, 2H), 1.56-1.50 (m, 1H), 1.48-1.39 (m, 3H), 1.34 (s,
3H), 1.32-1.25 (m, 3H), 1.20-1.16 (m, 4H), 1.12 (s, 3H), 1.09 (s, 3H).
"C NMR (100 MHz, CD 6}
6 157.7, 105.1, 79.4, 79.2, 78.0, 76.4, 71.3, 68.1, 60.1, 41.9, 40.4, 32.2, 28.8, 26.2, 26.0, 2
4.8, 24.2, 21.2, 18.9.
HR-MS (ESI) m/z calcd for C2oH3 oBrF 30 6S [M+Na]*: 557.0791, found 557.0798.
IR (thin film, NaCl): 2920, 1653, 1559, 1406, 1215 cm-'.
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[Ifr= -16.3 (c = 0.22, CHCl 3).
NaOH, THF/H2 0 HMe OH rt,59% Me
0j OHMe Me O' Me
13 12
To a vigorously stirring solution of diepoxide 1382 (2.51 g, 13.5 mmol, 100 mol
%) in THF (6 mL) was added slowly a 0.5 M aqueous solution of NaOH (27 mL, 100
mol %) over 2 minutes. The mixture was stirred for 16 h at rt. It was then diluted with
Et2O (350 mL) and the layers were separated. The aqueous layer was extracted with 50
mL of Et2O. The combined organic layers were dried over MgSO 4 , filtered, and
concentrated. Column chromatography (50% EtOAc in hexanes) isolated 1.50 g (7.97
mmol, 59%) of epoxy furan 12 as a colorless oil.
'H NMR (400 MHz, C D )
8 3.64-3.60 (m, 1H), 2.78 (dd, J= 4.1, 2.6 Hz, 1H), 2.25 (dd, J= 5.1, 4.1 Hz, 1H), 2.12
(dd, J= 5.1, 2.7 Hz, 1H), 1.98 (br s, 1H), 1.78-1.65 (m, 1H), 1.55-1.47 (m, 2H), 1.22 (s,
3H), 1.19-1.14 (m, 1H), 1.03 (s, 3H), 1.01 (s, 3H).
13C NMR (100 MHz, C DQ6
6 87.2, 82.0, 70.6, 57.2, 43.4, 32.7, 28.1, 26.6, 25.2, 24.4.
HR-MS (ESI) m/z calcd for CloHi 80 3 [M+Na]*: 209.1148, found 209.1155.
IR (thin film, NaCl): 3474, 2976, 2874, 1465, 1373, 1055, 897 cm-.
{a]20,= +2.1 (c = 2.4, CHC13).
(CH3) 3SI, n-BuLi M H
OH THF, -13 to 5 *C,73% Me
0 OH 0''~ OH
0' Me 6H Me
12 S12
To trimethylsulfonium iodide (547 mg. 2.68 mmol, 500 mol %) under an argon
atmosphere was added THF (5 mL). The reaction mixture was cooled to -13 'C and a 2.5
M solution of n-BuLi in hexanes (1.03 mL, 2.58 mmol, 480 mol %) was added dropwise.
The reaction was stirred for 45 min while warming to 0 'C. Epoxy furan 12 (98.3 mg,
0.5285 mmol, 100 mol %) in 1 mL of THF was added at 0 'C dropwise using a syringe.
The reaction mixture was stirred another 45 min while warming to 5 'C. The reaction
82 Ng, S.-S. Ph.D. Dissertation. Massachusetts Institute of Technology, Cambridge, MA, 2008.
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mixture was then diluted with Et20 (5 mL) and quenched with 2 mL of satd. aq. NaHCO 3
at 5 'C. After warming to rt, it was further diluted with Et2O to a total volume of 50 mL.
It was then washed with 50 mL of satd. aq. NaHCO 3. The aqueous layer was extracted
with Et20 (3 x 5 mL). The combined organic layer was dried over MgSO 4, filtered, and
concentrated. Column chromatography (50% EtOAc in hexanes) isolated 77.2 mg of
allylic alcohol S12 (0.385 mmol, 73%) as a colorless oil.
'H NMR (500 MHz, C6D6)
6 5.77 (ddd, J= 16.5, 10.7, 5.6, Hz, 1H), 5.40 (d, J= 17.5 Hz, 1H), 5.10 (d, J= 10.5 Hz,
1H), 3.98 (d, J= 5.0 Hz, 1H), 3.47 (dd, J= 10.5, 5.5 Hz, 1H), 2.21 (br s, 1H), 1.99 (ddd,
J = 12.2, 12.2, 7.7 Hz, 1H), 1.87 (br s, 1H).
13 C NMR (125 MHz, C6D6)
8 137.5, 116.7, 88.4, 85.9, 78.2, 70.5, 32.3, 28.2, 26.7, 24.8, 24.4.
HR-MS (ESI) m/z calcd for C1 1H200 3 [M+Na]*: 223.1305, found 223.1313.
IR (thin film, NaCl): 3421, 2974, 1653, 1457, 1375, 1056 cm-1.
fraKD --2.8 (c = 1.7, CHC 3).
me H~ MeTESCI, imid, DMF H
OH rt,95% M TMe
-a OH o OTES
OH Me OTES Me
S12 73
To allylic alcohol S12 (29.7 mg, 0.1483 mmol, 100 mol %) and imidazole (70.7
mg, 1.04 mmol, 700 mol %) under an argon atmosphere was added anhydrous DMF (0.5
mL). After the imidazole had been dissolved, TESCl (87.1 pL, 0.519 mmol, 350 mol %)
was added. The reaction was stirred for 45 min at rt. The reaction mixture was then
diluted with Et20 to a total volume of 50 mL and washed with satd. aq. NaCl (50 mL).
The aqueous layer was extracted with Et20 (3 x 10 mL). The combined organic layers
were dried over MgSO 4 , filtered, and concentrated. Column chromatography (2.5%
EtOAc in hexanes) isolated TES ether 73 as a colorless oil (60.1 mg, 0.141 mmol. 95%).
'H NMR (600 MHz, C6D61
6 5.92 (ddd, J= 16.9, 10.4, 6.2 Hz, 1H), 5.27 (app dt, J= 17.2, 1.7 Hz, 1H), 5.07 (ddd, J
= 10.5, 2.2, 1.2 Hz, 1H), 4.12 (d, J = 6.1 Hz, 1H), 3.89 (dd, J = 8.9, 6.3 Hz, 1H), 2.18
(ddd, J= 18.0, 9.6, 8.4 Hz ,1H), 1.93-1.83 (m, 2H), 1.47 (ddd, J= 12.0, 8.2, 3.7 Hz, 1H),
1.28 (s, 3H), 1.26 (s, 3H), 1.20 (s, 3H), 1.06 (t, J = 8.0 Hz, 9H), 1.06 (t, J= 8.0 Hz, 9H),
0.71-0.64 (m, 12H).
13C NMR (100 MHz, C6D6)
8 139.7, 116.0, 88.5, 86.1, 80.1, 75.0, 33.6, 28.6, 27.4, 25.9, 24.4, 7.8, 7.6, 7.6, 5.9.
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HR-MS (ESI) m/z caled for C2 3H4 8O3 Si 2 [M+Na]*: 451.3034, found 451.3044.
IR (thin film, NaCl): 2955, 2877, 1653, 1458, 1239, 1172, 1096, 1039 cm-'.
f1=+6.1 (c = 0.74, CHCl3).
H 9-BBN dimer BBN
TMe THF, 60 *C, 20 h Me Me
0 _OTES 0 OESOTES Me OTES Me
73 74
To 9-borabicyclo[3.3.1]nonane dimer (6.45 mg, 0.0265 mmol, 118 mol %) in a
Schlenck tube under an argon atmosphere was added TES ether 73 (9.6 mg, 0.0224
mmol, 100 mol %) in 1 mL of degassed (FPT) THF. The tube was closed and the reaction
mixture was heated at 60 'C for 20 h. The alkylboron solution of 74 was used
immediately in the cross-coupling step.
M e H 
B B N 
1
H Z~f I e tMe, o~ M. MMe' 00H OTES]
Br"~ me 72 7TE4M
PdCI2(dppf), aq. Cs2 CO 3THF/DMF/H 20, 40 *C, 78%
from 72
Me H me H Me
0 OTESMe z Me
me OTES
Br"* Me 75
The solution of alkylboron 74 was cooled to rt. To it was added a solution of
Cs 2CO 3 (15 mg, 0.046 mmol, 300 mol %) in 46 sAL of degassed H20. The reaction
mixture was stirred at rt for 20 min to completely quench the excess 9-BBN dimer. 83
Alkenyl triflate 72 (8.2 mg, 0.0153 mmol, 100 mol %) in 0.4 mL of degassed THF was
added, followed by 0.15 mL (0.00153 mmol, 10 mol %) of a stock solution of
PdCl2(dppf), made by dissolving 5.0 mg of PdCl2(dppf) in 0.6 mL of degassed DMF. The
Schlenk tube was closed and the reaction mixture was heated at 40 'C for 36 h. It was
then cooled to rt, diluted with 10 mL of Et20, and washed with 0.5 M aq. HCl. The
aqueous layer was extracted with Et20 (3 x 3 mL). The combined organic layers were
washed with satd. aq. NaHCO 3 (20 mL) and the aqueous layer extracted with Et2O (2 x 5
83 (a) Potuzak, J. S.; Tan, D. S. Tetrahedron Lett. 2004,45, 1797. b) Tsukano, C.; Sasaki, M. J. Am. Chem.
Soc. 2003, 125, 14294. c) Sasaki, M.; Fuwa, H.; Inoue, M.; Tachibana, K. Tetrahedron Lett. 1998, 39,
9027.
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mL). The combined organic layers were dried over MgSO 4, filtered, and concentrated.
Column chromatography (5% EtOAc in hexanes) isolated 9.7 mg of TES ether 75
(0.0119 mmol, 78%) as a white amorphous solid.
'H NMR (500 MHz, CDCl3)
8 4.95 (s, 1H), 4.86 (s, 1H), 4.18 (dd, J= 10.2, 2.0 Hz, 1H), 4.12 (t, J= 5.4 Hz, IH), 3.63
(dd, J = 9.2, 6.2 Hz, 1H), 3.57-3.49 (m, 3H), 2.33 (ddd, J= 15.8, 12.3, 4.8 Hz, 1H), 2.21-
2.08 (m, 3H), 2.07-2.00 (m, 1H), 1.99-1.94 (m, 1H), 1.90-1.63 (m, 9H), 1.57-1.43 (m,
5H), 1.37 (s, 3H), 1.35 (s, 3H), 1.26 (s, 3H), 1.18 (s, 3H), 1.17 (s, 3H), 1.13 (s, 3H), 1.08
(s, 3H), 0.97 (t, J= 7.9 Hz, 9H), 0.95 (t, J= 7.9 Hz, 9H), 0.63 (t, J= 7.8 Hz, 6H), 0.58 (t,
J= 7.8 Hz, 6H).
13 C NMR (100 MHz, CDCl3)
8 151.72, 109.2, 87.3, 86.0, 79.1, 78.1, 78.1, 78.0, 76.2, 74.3, 71.5, 70.2, 59.7, 41.2, 40.3,
34.5, 32.6, 31.8, 30.6, 28.6, 28.1, 27.0, 26.6, 25.7, 25.6, 24.7, 24.5, 22.8, 20.8, 19.2, 7.4, 7
.4, 7.0, 5.7.
HR-MS (ESI m/z calcd for C42H79BrO6 Si 2 [M+Na]*: 839.4495, found 839.4473.
IR (thin film, NaCl): 2953, 2875, 1457, 1379, 1237, 1172, 1137, 1096, 1041, 1010, 742
cm
{a]D = -26.4 (c = 0.27, CHCl3).
Me HT 27 28 29 2 1 H 30Meo H Me Me H ie . 2 3 MeMe O, TS TBAF, THF 1 H ' 18 cM OH
eOTES T3BAF,083H- ~ Me. 0 10 14 1Me OTS M 3mnMe e2 Me
me -, TSr,3 i,8% 25 6. O H 24
Br" M e 75 Br' Me ent-1
26
To TES ether 75 (8.6 mg, 0.0105 mmol, 100 mol%) in THF (0.7 mL) was added a
1 M solution of TBAF in THF (53 tL, 0.053 mmol, 500 mol%). The reaction mixture
was stirred for 30 min at rt. It was then diluted with Et 2O (8 mL) and washed with satd.
aq. NaCl (8 mL). The aqueous layer was extracted with Et2O (3 x 3 mL). The combined
organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (35% EtOAc in hexanes) isolated 5.1 mg (8.7 iimol, 83%) of ent-1 as a
white amorphous solid.
HR-MS (ESI) m/z calcd for C30H5 BrO6 [M+Na]f: 609.2761, found 609.2741.
IR (thin film, NaCl): 3447, 2921, 2851, 1717, 1700, 1653, 1647, 1457, 1378, 1086 cm-1 .
{a]D = -26 (c = 0.050, CHCl3); lit. value: [a] 25D = +39 (c = 0.07, CHC13).8 4
84 Manriquez, C. P.; Souto, M. L.; Gavin, J. A.; Norte, M.; Fernandez, J. J. Tetrahedron 2001, 57, 3117.
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Comparison of Our Assignments for ent-Dioxepandehydrothyrsiferol with Reported Data
for Dioxepandehydrothyrsiferol5
Assign- Fernandez's This work Fernandez's report This work
report (13C, ('H, CDC13) ('H, CDC13)
ment ( 3C, CDC13) CDC13)
C1 24.6 24.8 1.32 (s, 3H) 1.35 (s, 3H)
C2 77.8 78.0
C3 59.5 59.7 4.16 4.19
(dd, J= 2.0, 10.2 Hz, (dd, J= 2.1, 10.2 Hz,
1H) 1H)
C4 31.6 31.8 2.10/2.20 2.10-2.22 (m, 2H)
C5 40.1 40.3 1.60/1.76 1.62/1.76
C6 78.9 79.1
C7 76.0 76.2 3.53 3.56
(dd, J= 1.0, 10.3 Hz, (app d, J= 10.4 Hz, 1H)
1H)
C8 28.4 28.6 1.43/1.83 1.45/1.84
C9 41.1 41.3 1.50/1.69 1.54-1.57 (m, 1H)/1.71
C1O 78.0 78.3
C1l 71.2 71.5 3.49 3.52
(dd, J= 5.1, 11.5 Hz, (dd, J= 5.1, 11.5 Hz,
1H) 1H)
C12 24.3 24.5 1.51/1.73 1.54/1.74
C13 26.8 26.9 1.84/2.04 1.83/2.06
C14 70.2 70.4 4.10 4.13
(dd, J= 5.5, 5.7 Hz, (app t, J= 5.5 Hz, IH)
1 Manriquez, C. P.; Souto, M. L.; Gavin, J. A.; Norte, M.; Fernandez, J. J. Tetrahedron 2001, 57, 3117.
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1H)
C15 150.5 150.7
C16 29.8 30.0 2.23/2.44 2.25 (m, 1H)
/2.47 (ddd, J = 4.7, 8.9,
14.4 Hz, 1H)
C17 30.0 30.2 1.40/1.63 1.42-1.50 (m, 1H)/1.63
C18 76.1 76.3 3.50 3.53
(dd, J= 1.7, 9.9 Hz, (dd, J= 1.6, 9.9 Hz, 1H)
1H)
C19 86.1 86.3
C20 31.6 31.8 1.81/2.10 1.84/2.11
C21 26.6 26.8 1.57/1.86 1.58/1.86
C22 87.6 87.8 3.73 3.76
(dd, J= 5.8, 10.2 Hz, (dd, J= 5.8, 10.2 Hz,
1H) 1H)
C23 70.5 70.7
C24 24.0 24.2 1.11 (s, 3H) 1.14 (s, 3H)
C25 25.4 25.6 1.34 (s, 3H) 1.37 (s, 3H)
C26 20.6 20.8 1.10 (s, 3H) 1.13 (s, 3H)
C27 19.0 19.2 1.15 (s, 3H) 1.19 (s, 3H)
C28 109.8 110.0 4.86/4.98 (bs/bs) 4.89/5.01 (bs/bs)
C29 23.8 24.0 1.12 (s, 3H) 1.15 (s, 3H)
C30 27.7 28.0 1.20 (s, 3H) 1.23 (s, 3H)
OH-18 2.35 (s, 1H) 2.39 (br s, IH)
87
1) TsCI, Et3N, (CH3)3N-HCI O
Me OH CH2C12, 0 *C, 78% Me Me
Me Me 63 Me 2) n-BuLi, Cul1, Et2O, -30 'C, 71 % Me Me 79 Me63 79
Alcohol 63 (1.17 g, 4.60 mmol, 100 mol %) and NMe 3*HC1 (44.0 mg, 0.460
mmol, 10 mol %) were dissolved in CH2Cl 2 (15 mL) and cooled to 0 *C.8 6 Et3N (1.90 mL,
13.8 mmol, 300 mol %) was then added to the reaction mixture. In a separate flask, TsCl
(1.32 g, 6.90 mmol, 150 mol %) was dissolved in 10 mL of CH 2Cl 2 and the mixture was
cannulated into the reaction mixture at 0 'C. The reaction mixture was stirred at 0 'C for
90 min. NN-Dimethylethylenediamine (0.40 mL, 3.5 mmol, 75 mol %) was then added
to quench the excess tosylating agent. After stirring at 0 'C for 15 min, the reaction
mixture was diluted with Et2O (150 mL) and washed with brine (100 mL) followed by
H20 (50 mL). The combined aqueous layers were extracted with Et 2O (2 x 70 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (25% EtOAc in hexanes) isolated the intermediate tosylate (1.46 g, 3.57
mmol, 78%).
To Cul (1.10 g, 5.79 mmol, 120 mol %) in 50 mL of dry Et 2O at -30 'C under Ar
was added n-BuLi (4.43 mL, 11.6 mmol, 240 mol %). The resulting mixture was stirred
for 30 min at -30 'C, resulting in a violet suspension. The tosylate from the previous step
(1.97 g, 4.82 mmol, 100 mol %) in 10 mL of dry Et2O was added by cannula at -30 'C.
The reaction mixture was stirred at -30 *C for 15 min. It was then opened to atmosphere
and 100 mL of satd. aq. NH4Cl was added. After stirring at rt for 30 min, the mixture was
filtered through celite, eluting with 400 mL of Et20. The filtrate was washed with 400
mL of satd. aq. NH 4 Cl and the aqueous layer was extracted with Et20 (2 x 150 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (20% EtOAc in hexanes) isolated diepoxide 79 (918 mg, 3.12 mmol,
65%) as a pale yellow oil. The following characterization data is given for the major
diastereomer.
'H NMR (500 MHz, C D )
8 5.14 (t, J = 7.0 Hz, 111), 2.61-2.58 (m, 2H), 2.14-2.06 (m, 211), 1.67-1.61 (m, 511), 1.57
(s, 3H), 1.57 (s, 3H), 1.49 -1.38 (m, 5H), 1.34 -1.28 (m, 2H), 1.27-1.21 (m, 5H), 1.15 (s,
3H), 1.12 (s, 3H), 0.87 (t, J = 7.0 Hz, 3H).
13C NMR (100 MHz, C6jD}
8 131.9, 124.9, 63.7, 63.2, 60.3, 59.9, 39.5, 36.5, 32.4, 29.5, 27.0, 26.2, 25.6, 24.6, 23.3,
18.0, 17.1, 17.0, 14.6.
HR-MS (ESI m/z calcd for C,9H34 0 2 [M+H]*: 295.2632, found 295.2636.
IR (thin film, NaCl): 2959, 2926, 2858, 1653, 1559, 1540, 1507, 1457, 1385 cm-.
86 Yoshida, Y.; Sakakura, Y.; Aso, N.; Okada, S.; Tanabe, Y. Tetrahedron 1999, 55, 2183.
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NBS, HFIP, n-Bu 4NOCOMe
Me 0 0 Me 4 A MS, O *C, 74%
Me Me Me79
0 0
Me uH Me-M e, H Pe>-Me
Me 0Me 0  0
Br 0 MeBr 0M
MeH Me Me
85 85'
ca. 1:1 mixture of diastereomers obtained
To diepoxide 79 (50.0 mg, 0.170 mmol, 100 mol %) with activated 4A MS (250
mg) under Ar was added n-Bu 4NOCOMe (76.9 mg, 0.301 mmol, 175 mol %) in 2.5 mL
of HFIP. The resulting mixture was cooled to 0 'C under Ar. NBS (60.5 mg, 0.340 mmol,
200 mol %) was added in one portion. The reaction mixture was kept out of light. After
15 min, the reaction was quenched by the addition of 5 mL of satd. aq. Na2 S2O 3 and
warmed to rt. It was then filtered through celite, eluting with 50 mL of Et20. The filtrate
was concentrated to a residue. It was then repartitioned between 50 mL of Et20 and a 1:1
mixture of satd. aq. Na 2S2O3/NaCl (75 mL total). The aqueous layer was extracted with
EtO (2 x 30 mL). The combined organic layers were dried over MgSO 4, filtered, and
concentrated. Column chromatography (10 to 20% Et2O in hexanes) isolated the
following as colorless oils: dioxepane 85 (21.8 mg), 85' (23.9 mg) and a mixture of the
two (9.00 mg) for a total of 0.126 mmol (74% yield) of products. Relative configurations
of the diastereomers were determined by nOe studies.
Characterization data for 85:
'H NMR (500 MHz, C D6 )
8 4.06 (dd, J = 10.0, 1.5 Hz, 1H), 3.76 (dd, J = 10.5, 1.7 Hz, 1H), 3.28 (d, J = 10.5, 1H),
2.15 (td, J = 13.5, 3.1 Hz, IH), 2.06 (ddd, J = 13.0, 5.5, 2.6 Hz, 1H), 2.02 -1.89 (m, 2H),
1.87-1.79 (m, 1H), 1.69 (s, 3H), 1.67-1.49 (m, 6H), 1.43 (s, 3H), 1.41-1.27 (m, 8H), 1.16
(s, 6H), 0.95 (t, J = 7.0 Hz, 3H).
'
3C NMR (100 MHz, C6D6)
8 169.9, 86.6, 78.8, 78.0, 76.6, 73.9, 60.3, 41.0, 37.6, 33.0, 32.3, 30.8, 29.1, 27.2, 26.2,
24.9, 23.5, 22.4, 21.4, 19.5, 14.7.
HR-MS (ESI) m/z calcd for C2 H37BrO 4 [M+Na]*: 455.1767, found 455.1752.
IR (thin film, NaCl): 2930, 2858, 1734, 1700, 1653, 1559, 1457, 1379 cm-'.
[_]D= -25.3 (c = 0.91, CHC 3).
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Characterization data for 85':
'H NMR (500 MHz, C6Dl)
6 4.39 (dd, J = 10.0, 1.5 Hz, 1H), 4.29 (dd, J = 10.5, 1.1 Hz, 1H), 4.04 (dd, J = 6, 2.2 Hz,
1H), 2.62 (m, 1H), 2.31-2.23 (m, 1H), 1.94 -1.86 (m, 1H), 1.78-1.72 (m, 2H), 1.70-1.64
(m, 6H), 1.54-1.46 (m, 6H), 1.40-1.32 (m, 7H), 1.28 (s, 3H), 1.18-1.12 (m, 1H), 0.94 (t, J
= 7.0 Hz, 3H), 0.90 (s, 3H).
3 C NMR (100 MHz, C6D)
6 169.7, 86.4, 79.3, 76.7, 76.3, 74.3, 66.6, 38.0, 36.0, 32.8, 30.9, 29.9, 29.3, 28.7, 28.5,
27.1, 23.5, 22.4, 21.8, 19.4,14.8.
HR-MS (ESI m/z calcd for C21H37BrO4 [M+Na]*: 455.1767, found 455.1748.
IR (thin film, NaCl): 2932, 2860, 1734, 1718, 1653, 1559, 1457, 1377 cm-'.
ta]2= -24.5 (c = 0.89, CHCl3)-
Br(coll) 2CIO 4, HFIP, EtOH
Me Me 4 A MS, 0 "C, 56%
Me Me Me79
Me H Me-Me M~ 0  e'M0e + Me
Br-" 0 BrMe Me
86 86'
ca. 1:1 mixture of diastereomers obtained
Diepoxide 79 (25.2 mg, 0.0856 mmol, 100 mol %) was dissolved in HFIP (1.4
mL) and dry EtOH (0.28 mL) and the mixture was cooled to 0 0C. Br(coll) 2C1O 4 (72.2
mg, 0.171 mmol, 200 mol %) was added and the reaction mixture was stirred at 0 'C
while being kept out of light for 17 h. It was then quenched by the addition of 2 mL of
Na2 S2O 3. After removal of the solvent by evaporation, the crude residue was partitioned
between Et2O and brine (20 mL each). After washing and separating, the aqueous layer
was extracted with Et20 (3 x 7 mL). The combined organic layers were dried over
MgSO 4 , filtered, and concentrated. Column chromatography (5% to 10% Et20 in
hexanes) isolated bicycle 86 (10.0 mg) and 86' (10.0 mg) for a total of 0.0479 mmol
(56% yield) of products. Relative configurations of the diastereomers were determined by
nOe studies.
Characterization data for 86:
'H NMR (600 MHz, CDC13)
8 4.13-4.11 (m, 1H), 3.48-3.44 (m, 2H), 3.42-3.36 (m, 2H), 2.18-2.16 (m, 2H), 1.93 (ddd,
J = 13.2, 6.0, 2.4 Hz, 1H), 1.86-1.79 (m, 1H), 1.78-1.72 (m, 2H), 1.63-1.59 (m, 8H), 1.57
(dd, J = 12.6, 2.4 Hz, 1H), 1.54-1.49 (m, 1H), 1.47-1.43 (m, 1H), 1.37 (s, 6H), 1.35-1.30
(m, 2H), 1.16 (s, 3H), 1.14 (s, 3H), 0.92 (t, J = 7.2 Hz, 3H).
90
3 C NMR (125 MHz, CDCl3 )
6 79.1, 78.6, 78.3, 77.0, 76.6, 60.5, 57.1, 41.1, 39.3, 32.9, 32.4, 30.7, 29.0, 27.5, 26.2,
25.3, 23.4, 21.5, 17.8, 16.9, 14.8.
HR-MS (ESI m/z caled for C21H39BrO3 [M+H]*: 419.2155, found 419.2155.
IR (thin film, NaCl): 2929, 2856, 1457, 1377, 1139, 1116, 1105, 1064 cm-.
tgfD= -29.8 (c = 0.17, CHCl3).
Characterization data for 86':
'H NMR (600 MHz, CDCl3}
6 4.56 (d, J = 6.0 Hz, 1H), 4.05 (d, J = 10.2 Hz, 1H), 3.56 (d, J = 10.2 Hz, 1H), 3.48
(pentet, J = 6.6 Hz, 1H), 3.39 (pentet, J = 7.2 Hz, 1H), 2.42 (td, J = 12.6, 3.6 Hz, 1H),
2.07-2.00 (m, 2H), 1.86 (ddd, J = 12.6, 5.4, 1.8 Hz, 1H), 1.82-1.74 (m, 2H), 1.66 (dd, J =
13.2, 2.4 Hz, 1H), 1.56-1.53 (m, 2H), 1.45 (s, 3H), 1.39-1.33 (m, 5H), 1.29 (s, 3H), 1.28-
1.26 (m, 5H), 1.20 (s, 3H), 1.15 (s, 3H), 0.92 (t, J = 7.2 Hz, 3H).
3C NMR (125 MHz, CDCl 31
6 79.2, 79.1, 77.1, 76.7, 76.2, 67.0, 57.0, 39.0, 35.8, 32.9, 30.6, 30.5, 29.2, 29.0, 28.8,
27.2, 23.5, 21.8, 18.2, 17.0, 14.9.
HR-MS (ESI) m/z calcd for C21H39BrO 3 [M+H]*: 419.2155, found 419.2165.
IR (thin film, NaCl): 2929, 2858, 1457, 1378, 1117, 1073, 1063 cm-.
LQLD= -21.7 (c = 0.15, CHCl3).
NBS, HFIP, H20
Me e rt, 41%
Me Me Me
79
Me MMee
87 87'
ca. 1:1 mixture of diastereomers obtained
Diepoxide 79 (36.8 mg, 0.125 mmol, 100 mol %) was dissolved in HFIP (0.42
mL) and H20 (0.28 mL) at rt. NBS (44.5 mg, 0.250 mmol, 200 mol %) was added and
the reaction mixture was stirred at rt while being kept out of light for 22 h. It was then
quenched by the addition of 2 mL of Na2S 20 3. After removal of the solvent by
evaporation, the crude residue was partitioned between Et2O and brine (15 mL each).
After washing and separating, the aqueous layer was extracted with Et20 (2 x 7 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (20% to 30% Et20 in hexanes) isolated bicycle 87 (8.80 mg), 87' (8.60
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mg), and a mixture of the two (2.80 mg) for a total of 0.0513 mmol (41% yield) of
products. Relative configurations of the diastereomers were determined after
deacetylation of bicycles 85 and 85' (DIBAL-H, CH2Cl 2, -30 C).
Characterization data for 87:
'H NMR (500 MHz, C6D6)
8 3.80 (dd, J = 10.5, 2.0 Hz, 1H), 3.03 (dd, J = 10.0, 1.8 Hz, 1H), 3.02 (d, J = 10.0, 1H),
2.03-1.91 (m, 2H), 1.84-1.74 (m, 2H), 1.68-1.59 (m, 1H), 1.55 (ddd, J = 12.5, 4.9, 1.9
Hz, 1H), 1.45-1.28 (m, 12H), 1.27-1.20 (m, 1H), 1.18 (s, 3H), 1.16 (s, 3H), 1.07 (s, 3H),
0.97 (t, J = 7.0 Hz, 3H).
13C NMR (100 MHz, C Dl
8 78.5, 77.9, 77.0, 76.9, 74.4, 60.4, 44.3, 41.0, 33.1, 32.3, 30.5, 29.3, 27.5, 26.1, 25.0,
23.5, 21.9, 21.5, 14.8.
HR-MS (ESI) m/z calcd for C,qH 35BrO3 [M+Na]*: 413.1662, found 413.1657.
IR (thin film, NaCl): 3420, 2927, 2856, 1653, 1559, 1457, 1437, 1378 cm-.
{IL= -31.0 (c = 0.29, CHCl3).
Characterization data for 87':
'H NMR (500 MHz, C6D6
6 4.13 (d, J = 10.5 Hz, IH), 4.06 (dd, J = 6.0, 2.1 Hz, 1H), 3.51 (dd, J = 10.0, 1.8 Hz,
1H), 2.59-2.53 (m, 1H), 1.92-1.82 (m, 2H), 1.80-1.24 (m, 1H), 1.71-1.61 (m, 3H), 1.54-
1.33 (m, 12H), 1.28 (s, 3H), 1.15 (s, 3H), 0.95 (t, J = 7.0 Hz, 3H), 0.90 (s, 3H).
13C NMR (100 MHz, C6D6)
6 79.0, 77.4, 76.9, 76.6, 74.5, 67.2, 44.8, 36.1, 32.9, 30.6, 29.9, 29.7, 28.9, 28.6, 27.4,
23.5,21.9, 21.7, 14.8.
HR-MS (ESI) m/z calcd for C1,H 35BrO3 [M+Na]*: 413.1662, found 413.1653.
IR (thin film, NaCl): 3395, 2930, 2858, 1457, 1653, 1559, 1540, 1507, 1378 cm-'.
t~l = -33.4 (c = 0.42, CHCl3)-
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88 88'
ca. 1:1 mixture of diastereomers obtained
Diepoxide 79 (20.8 mg, 0.0706 mmol, 100 mol %) was dissolved in HFIP (1.1
mL) at 0 0C. Br(coll)2ClO4 (59.5 mg, 0.141 mmol, 200 mol %) was added and the
reaction mixture was stirred at 0 'C while being kept out of light for 20 h. It was then
quenched by the addition of 2 mL of Na2S2O 3. After removal of the solvent by
evaporation, the crude residue was partitioned between Et20 and brine (20 mL each).
After washing and separating, the aqueous layer was extracted with Et20 (3 x 7 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (packed with 2% Et3N in hexanes, flushed with hexanes, then 2% to
10% Et 20 in hexanes) isolated bicycle 88 (6.00 mg) and 88' (6.50 mg) for a total of
0.0233 mmol (33% yield) of products. Relative configurations of the diastereomers were
determined by nOe studies.
Characterization data for 88:
'H NMR (500 MHz, C D)6
8 3.91 (septet, J = 6.0 Hz, 1H), 3.63 (dd, J= 10.0, 3.3 Hz, 1H), 3.22 (dd, J = 10.0, 2.0 Hz,
1H), 2.92 (d, J = 10.5 Hz, 1H), 1.98-1.88 (m, 3H), 1.60-1.52 (m, 2H), 1.41-1.33 (m, 7H),
1.32-1.25 (m, 7H), 1.11 (s, 3H), 1.10 (s, 3H), 0.94 (t, J = 7.0 Hz, 3H), 0.92 (s, 3H).
3C NMR (125 MHz, CD 6
8 85.8, 78.8, 78.1, 76.6, 75.9, 70.2 (t, J = 31.3 Hz), 59.9, 40.6, 39.7, 32.9, 32.1, 30.4,
28.7, 27.2, 26.0, 25.0, 23.5, 21.3, 16.1, 14.7.
'
9 F NMR (300 MHz, CDD)
8 -70.9 (q, J = 6.9 Hz), -70.8 (q, J = 6.6 Hz, 6F).
IR (thin film, NaCl): 2956, 2927, 2857, 1653, 1559, 1457, 1383, 1355,1284, 1227, 1196
cm
LfED= -23.1 (c = 0.15, CHC 3).
Characterization data for 88':
'H NMR (500 MHz, C6D6)
8 4.14 (dd, J = 10.5, 1.1 Hz, 1H), 3.97 (septet, J = 6.0 Hz, 1H), 3.97 (d, J = 6.0 Hz, 1H),
3.73 (dd, J = 10.0, 1.8 Hz, 1H), 2.49 (ddd, J = 14.0, 11.0, 4.3 Hz, 1H), 2.05-2.00 (m, 1H),
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1.73-1.58 (m, 5H), 1.48-1.44 (m, 2H), 1.42-1.28 (m, 12H), 1.24 (s, 3H), 1.02 (s, 3H),
0.90 (t, J = 7.0 Hz, 3H), 0.89 (s, 3H).
"C NMR (125 MHz, C D )
6 85.7, 79.3, 76.8, 76.4, 76.3, 70.3 (t, J = 32.5 Hz), 66.2, 40.0, 35.8, 32.7, 30.6, 29.8,
29.0, 28.8, 28.4, 27.1, 23.5, 21.8, 16.6, 14.7.
19F NMR (300 MHz, C6PD}
8 -71.0 (q, J = 6.6 Hz), -70.9 (q, J = 6.6 Hz, 6F).
IR (thin film, NaCl): 2956, 2930, 2859, 1653, 1559, 1465, 1457, 1437, 1385, 1356, 1284
cm
t{aLD= -13.7 (c = 0.25, CHCl3)-
NBS, HFIP, CsOH-H 20
Me Me 0 *C to rt
Me Me Me
79
Me H Me M H M
M e 0  O H + M e 
O
Me Me
87 87'
ca. 1:1 mixture of diastereomers obtained, 45%
F3C F3CMe,, 0 H Me M H Mek
Me' F Me /-F
Br"' 0 HBrMe HB MeMeH Me meH 
88 88'
ca. 1:1 mixture of diastereomers obtained, 19%
Diepoxide 79 (26.8 mg, 0.0910 mmol, 100 mol %) and CsOHeH 20 (24.5 mg,
0.146 mmol, 150 mol %) were dissolved in HFIP (1.4 mL) at 0 'C. NBS (34.7 mg, 0.195
mmol, 200 mol %) was added and the reaction mixture was stirred while being kept out
of light at 0 0C to rt for 15 h. It was then quenched by the addition of 2 mL of Na 2S2O3.
After removal of the solvent by evaporation, the crude residue was partitioned between
Et20 and brine (20 mL each). After washing and separating, the aqueous layer was
extracted with Et2O (3 x 5 mL). The combined organic layers were dried over MgSO 4,
filtered, and concentrated. Column chromatography (5% to 50% Et2 O in hexanes)
isolated a total of 16.0 mg (40.9 mmol, 45%) of bicycles 87 and 87' and 9.20 mg (17.0
mmol, 19%) of bicycles 88 and 88'.
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1) TsCI, Et3N, (CH 3)3N-HCMe OH CH2C2 , 0 *C, O Me Me
Me Me Me -30'*C, 67% Me Me Me
95 83
Alcohol 95 (860 mg, 3.38 mmol, 100 mol %) and NMe3*HCl (32.3 mg, 0.338
mmol, 10 mol %) were dissolved in CH2C12 (10 mL) and cooled to 0 C.87 Et3N (1.41 mL,
10.1 mmol, 300 mol %) was then added to the reaction mixture. In a separate flask, TsCl
(967 mg, 5.07 mmol, 150 mol %) was dissolved in 8 mL of CH 2Cl 2 and the mixture was
cannulated into the reaction mixture at 0 'C. The reaction mixture was stirred at 0 'C for
45 min. N,N-Dimethylethylenediamine (0.30 mL, 2.5 mmol, 75 mol %) was then added
to quench the excess tosylating agent. After stirring at 0 'C for 15 min, the reaction
mixture was diluted with Et20 (100 mL) and washed with brine (75 mL) followed by
H 20 (50 mL). The combined aqueous layers were extracted with Et20 (2 x 50 mL). The
combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (25% EtOAc in hexanes) isolated the intermediate tosylate (1.31 g, 3.21
mmol, 95%).
To CuI (836 mg, 4.39 mmol, 140 mol %) in 20 mL of dry Et2O at -30 'C under
Ar was added n-BuLi (3.41 mL, 8.79 mmol, 280 mol %). The resulting mixture was
stirred for 40 min at -30 'C, resulting in a violet suspension. The tosylate from the
previous step (814 mg, 3.20 mmol, 100 mol %) in 8 mL of dry Et2O was added by
cannula at -30 'C. The reaction mixture was stirred at -30 'C for 15 min. It was then
opened to atmosphere and 50 mL of satd. aq. NH 4Cl was added. After stirring at rt for 30
min, the mixture was filtered through celite, eluting with 200 mL of Et20. The filtrate
was washed with 200 mL of satd. aq. NH 4Cl and the aqueous layer was extracted with
Et20 (2 x 75 mL). The combined organic layers were dried over MgSO4 , filtered, and
concentrated. Column chromatography (20% EtOAc in hexanes) isolated diepoxide 83
(635 mg, 2.14 mmol, 67%) as a pale yellow oil. The following characterization data is
given for the major diastereomer.
'H NMR (500 MHz, C-D 6)
8 5.14 (t, J = 7.0 Hz, 1H), 2.64-2.58 (m, 2H), 2.15-2.04 (m, 2H), 1.71-1.56 (m, 7H), 1.53
(s, 3H), 1.51 -1.36 (m, 6H), 1.26 -1.20 (m, 4H), 1.14 (s, 3H), 1.12 (s, 3H), 0.87 (t, J = 7.0
Hz, 3H).
13C NMR (100 MHz, C6D6)
6 131.9, 124.9, 63.1, 63.0, 60.5, 59.8, 39.5, 36.0, 32.3, 29.5, 27.0, 26.2, 25.3, 24.7, 23.3,
18.0, 17.3, 17.1, 14.6.
HR-MS (ESI) m/z calcd for C,9H340 2[M+H]*: 295.2632, found 295.2630.
IR (thin film, NaCl): 2960, 2927, 2858, 1653, 1559, 1540, 1507, 1457, 1437, 1384 cm-.
7 Yoshida, Y.; Sakakura, Y.; Aso, N.; Okada, S.; Tanabe, Y. Tetrahedron 1999,55, 2183.
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To diepoxide 80 (50.0 mg, 0.170 mmol, 100 mol %) with activated 4A MS (250
mg) under Ar was added n-Bu4NOCOMe (76.9 mg, 0.255 mmol, 150 mol %) in 2.5 mL
of HFIP. The resulting mixture was cooled to 0 C under Ar. NBS (60.5 mg, 0.340 mmol,
200 mol %) was added in one portion. The reaction mixture was kept out of light. After
15 min, the reaction was quenched by the addition of 10 mL of satd. aq. Na2 S2O 3 and
warmed to rt. It was then filtered through celite, eluting with 100 mL of Et2 0. The filtrate
was washed with a 1:1 mixture of satd. aq. Na2S2O3/NaCl (100 mL total). The aqueous
layer was extracted with Et20 (3 x 25 mL). The combined organic layers were dried over
MgSO4 , filtered, and concentrated. Column chromatography (2.5 to 25% EtOAc in
hexanes) isolated dioxepanes 89 (20.1 mg, 0.0464 mmol, 27%) and 89' (22.6 mg, 0.0521
mmol, 31%) as colorless oils. Relative configurations of the diastereomers were
determined by nOe studies.
Characterization data for 89:
'H NMR (500 MHz, C D)
8 4.23 (dd, J = 10.0, 2.5 Hz, 1H), 4.07 (d, J = 7.0 Hz, 1H), 3.86 (dd, J = 11.5, 3.0 Hz,
1H), 2.60 (ddd, J= 16.0, 7.5, 1.7 Hz, 1H), 2.52-2.46 (m, 1H), 2.43 -2.35 (m, 1H), 1.81-
1.72 (m, 3H), 1.68-1.61 (m, 5H), 1.54-1.50 (m, 5H), 1.36-1.28 (m, 15H), 0.94 (s, 3H),
0.93 (t, J = 7.0 Hz, 3H).
"C NMR (125 MHz, C6D)
6 169.9, 86.9, 80.1, 78.7, 76.8, 73.5, 66.4, 39.9, 37.0, 32.8, 31.5, 30.2, 28.9, 28.8, 28.3,
27.4, 23.6, 23.5, 22.4, 17.8, 14.7.
HR-MS (ESI) m/z calcd for C21H37BrO4 [M+Na]*: 455.1767, found 455.1728.
IR (thin film, NaCl): 2955, 2927, 2857, 1733, 1653, 1559, 1457 cm-.
IaD= -18.2 (c = 0.41, CHCl3).
Characterization data for 89':
'H NMR (500 MHz, C6D)
8 4.11 (dd, J = 10.0, 2.0 Hz, 1H), 3.77 (d, J = 11.0 Hz, 1H), 2.82 (dd, J = 12.0, 2.6 Hz,
1H), 2.63 (dd, J = 16.0, 7.5 Hz, 1H), 2.32 (q, J = 14.5 Hz, 1H), 2.11 -2.02 (m, IH), 1.93
(dt, J = 15.0, 4.3 Hz 1H), 1.80-1.75 (m, 1H), 1.65 (s, 3H), 1.60-1.52 (m, 5H), 1.44-1.38
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(m, 5H), 1.34-1.29 (m, 4H), 1.26-1.19 (m, 3H), 1.16 (s, 3H), 1.14 (s, 3H), 0.91 (t, J = 7.0
Hz, 3H).
13C NMR (125 MHz, C D6)
5 169.9, 86.5, 79.4, 78.7, 77.9, 73.4, 60.3, 44.7, 36.8, 32.8, 32.2, 31.4, 28.6, 27.3, 26.2,
24.8, 23.6, 23.4, 22.4, 17.1, 14.7.
HR-MS (ESI) m/z caled for C21H37BrO 4 [M+H]*: 433.1948, found 433.1966.
IR (thin film, NaCl): 2956, 2927, 2857, 1734, 1653, 1559, 1457 cm-'.
{gLD= -16.5 (c = 0.27, CHC13).
1) L-(+)-DET, Ti(Oi-Pr)4 , t-BuOOH, 4 A MS, CH2Cl2,
-40 *C, 75%
2) TIPSCI, imid, CH 2C 2, rt O OTIPS
3) cat. SeO2, t-BuOOH,
salicylic acid, CH2Cl2 , rt Me Me
4) NaBH4 , MeOH, 0 *C 91
51% 3 steps
4A MS (17.6 g, unactivated mass) was activated as described in the general
experimental procedure. To this was added CH 2Cl 2 (190 mL) and the mixture was cooled
to -20 0C. L-(+)-DET (3.78 mL, 22.0 mmol, 12.5 mol %) was added followed by Ti(Oi-
Pr)4 (5.21 mL, 17.6 mmol, 10 mol %) and then t-BuOOH (41.6 mL, 229 mmol, 130 mol
%). The catalyst mixture was stirred at -20 'C for 30 to 45 min. It was then cooled to -40
'C and geraniol (30.6 mL, 176 mmol, 100 mol %) was added dropwise. The reaction was
stirred at -40 'C for 3 h. A quench solution was made by dissolving NaOH (24 g) and
NaCl (3 g) in 54 mL of H20. After cooling to 0 'C, the reaction mixture was poured into
this. The resulting mixture was stirrec vigorously at 0 'C for 30 min. It was then filtered
through celite. The filtrate was washed with satd. aq. Na2S2O 3 solution and filtered
through celite one more time. After separating off the aqueous layer, the organic layer
was dried over MgSO 4, filtered, and concentrated. Column chromatography (25% EtOAc
in hexanes) isolated epoxyalcohol 90 (22.5 g, 132 mmol, 75%) as a colorless oil.
Geraniol oxide 90 (22.5 g, 132 mmol, 100 mol%) with imidazole (27.0 g, 396
mmol, 300 mol %) were sparged under Ar at rt. CH2Cl2 (285 mL) was added, followed by
TIPSCl (42.5 mL, 198 mmol, 150 mol %). The reaction mixture was stirred at rt for 20 h
under Ar. It was then diluted with CH 2C12 to a volume of 500 mL and washed with H2 0(500 mL) followed by brine (500 mL). The organic layer was dried over MgSO 4, filtered,
and concentrated. Column chromatography (20% EtOAc in hexanes) isolated the desired
TIPS ether along with the silanol in quantitative yield. The mixture was carried on
directly to the allylic oxidation step.
The TIPS ether from the previous step was dissolved in dry CH 2C12 (500 mL) at rt
under Ar. Salicylic acid (3.65 g, 26.4 mmol, 20 mol %) then Se2 (1.91 g, 17.2 mmol, 13
mol %) were added, followed by TBHP (~5.5 M solution in decane, 38.4 mL, 211
mmoL, 160 mol %). The reaction mixture was stirred for 11 h under Ar at rt. It was then
diluted with 500 mL of Et2 O and washed with a 1:1 mixture of brine and satd. aq.
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Na2S2 0 3 (2 x 500 mL). The organic layer was dried over MgSO4, filtered, and
concentrated. Column chromatography (25 to 50% EtOAc in hexanes) isolated the enal
and the desired allylic alcohol 91. Mixture of the two was dissolved in MeOH (250 mL)
and cooled to 0 'C. NaBH 4 (8.1 g, 214 mmol) was added portionwise over 10 min. The
reaction mixture was stirred at 0 *C for 2 h. It was then diluted with 200 mL of Et20 and
washed with satd. aq. NaHCO 3 (300 mL). The organic layer was dried over MgSO 4,
filtered, and concentrated. Column chromatography (50% EtOAc in hexanes) isolated the
desired allylic alcohol 91 (23.2 g, 67.6 mmol, 51% over 3 steps) as a colorless oil.
1) SEMCI, DIPEA, CH2Cl2 , rt2) TBAF, THF, rt
HO0 OTIPS 89% 2 steps 
0SEMO
3) S03-pyr, DMSO, Et3N Me MeMe Me CH2Cl2, 0 *C to rt, 95% 9291 92
Allylic alcohol 91 (4.93 g, 14.4 mmol, 100 mol %) was dissolved in dry CH 2Cl 2
(38 mL) at rt under Ar. N,N-Diisopropylethylamine (6.27 mL, 36.0 mmol, 250 mol %)
followed by SEMC (3.68 mL, 21.4 mmol, 150 mol %) was added under Ar. One hour
later, the reaction mixture was diluted with 100 mL of Et20 and washed with brine (150
mL). The organic layer was dried over MgSO 4 , filtered, and concentrated. The crude was
dissolved in dry THF (140 mL) at rt under Ar. TBAF (IM solution in THF, 16.0 mL,
16.0 mmol, 110 mol%) was added slowly under Ar over 5 min. After addition was
complete, the reaction mixture was immediately diluted to a volume of 200 mL with Et2 0
and washed with 200 mL of brine. The aqueous layer was extracted with Et2 O (1 x 200
mL). The combined organic layers were dried over MgSO4 , filtered, and concentrated.
Column chromatography (50 to 80% EtOAc in hexanes) isolated the TIPS-deprotected
alcohol (4.07 g, 12.9 mmol, 89% over 2 steps) as a colorless oil.
To the primary alcohol from the previous step (4.04 g, 12.8 mmol, 100 mol %) in
dry CH 2Cl 2 (38 mL) under Ar was added Et3N (5.34 mL, 38.3 mmol, 300 mol %) and
DMSO (12.8 mL, 180 mmol, 1400 mol %). The reaction mixture was cooled to 0 'C
under Ar. S0 3-pyr (4.07 g, 25.6 mmol, 200 mol %) was then added. The reaction mixture
was stirred for 4 h while warming to rt. It was then diluted with 200 mL of Et2O and
washed with 200 mL of satd. aq. NH 4Cl. The organic layer was further washed with a 1:1
H20/brine mixture. It was then dried over MgSO 4 , filtered, and concentrated. Column
chromatography (25% EtOAc in hexanes) isolated aldehyde 92 (3.83 g, 12.2 mmol, 95%)
as a colorless oil.
'H NMR (500 MHz, C D)
8 9.14 (d, J = 5.0 Hz, 1H), 5.30 (t, J = 7.0 Hz, 1H), 4.66 (s, 2H), 3.96 (br s, 2H), 3.69 (t,
J = 8.5, 2H), 2.84 (d, J = 5.0 Hz, 1H), 1.87-1.82 (m, 2H), 1.55 (br s, 3H), 1.34-1.28 (m,
1H), 1.22-1.16 (m, IH), 0.99-0.96 (m, 5H),0.0 (s, 9H).
13C NMR (125 MHz, C6D6)
8 198.9, 133.7, 126.3, 94.4, 73.4, 65.6, 63.7, 38.2, 23.5, 18.7, 17.3, 14.4, 0.0.
HR-MS (ESI) m/z calcd for Cl6H30O4Si [M+Na]*: 337.1806, found 337.1814.
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IR (thin film, NaCl): 2952, 2924, 2896, 1724, 1457, 1386, 1249, 1102, 1057, 861, 836
cm
O 1) Ph3P=CHCO 2Et
SEMO - O CH2 Cl2, rt, 96% SEMO O
Me Me 2) [Ph 3PCuH]6 , PhSiH 3  Me Me OEt
92 THFO0Ttort,93% 93
To aldehyde 92 (3.80 g, 12.1 mmol, 100 mol %) in dry CH 2Cl2 (125 mL) under
Ar at rt was added (ethoxycarbonylmethylene)triphenylphosphorane (5.26 g, 15.1 mmol,
125 mol %). The reaction mixture was stirred at rt for I h. The solvent was removes in
vacuo and the crude residue was loaded to silica column directly. An isocratic gradient of
25% EtOAc in hexanes isolated the enoate (4.47 g, 11.6 mmol, 96%) as a predominantly
the E isomer.
To the enoate from the previous step (4.43 g, 11.5 mmol, 100 mol %) in dry THF
(125 mL) under Ar was added PhSiH 3 (2.88 mL, 23.1 mmol, 200 mol %). The reaction
mixture was cooled to 0 'C and sparged with Ar for 15 min at this temperature.
[Ph3PCuH] (677 mg, 0.345 mmol, 3 mol %) was added in one portion, followed by an Ar
purge. The reaction mixture was stirred for 14 h while warming to rt. It was then opened
to air and quenched with 50 mL of H20. The mixture was stirred rapidly for 30 min at rt.
It was then filtered through a bed of silica and celite, eluting with 1 L of Et20. The filtrate
was washed with 500 mL of NH 4Cl and the aqueous layer was extracted with Et 2O (400
mL). The combined organic layers were dried over MgSO 4 , filtered, and concentrated.
Column chromatography (10 to 20% EtOAc in hexanes) isolated ester 93 (4.15 g, 10.7
mmol, 93%) as a colorless oil.
'H NMR (500 MHz, C D6)
6 5.43 (t, J = 7.0 Hz, 1H), 4.67 (s, 2H), 3.99 (br s, 2H), 3.94 (q, J = 7.0 Hz, 2H), 3.69 (dd,
J = 8.5, 8.0 Hz, 2H), 2.62 (dd, J= 7.0, 5.5 Hz, 1H), 2.32-2.20 (m, 2H), 2.10-1.98 (m,
2H), 1.81-1.67 (m, 2H), 1.63 (s, 3H), 1.55 (ddd, J = 6.0, 9.0, 15.0 Hz, 1H), 1.37 (ddd, J=
7.0, 10.0, 16.5 Hz, IH), 1.07 (s, 3H), 0.99-0.94 (m, 5H), 0.0 (s, 9H).
"C NMR (125 MHz, C D6 )
8 172.7, 133.1, 127.5, 94.4, 73.6, 65.5, 62.3, 60.6, 60.6, 39.0, 31.7, 25.0, 24.1, 18.7, 17.0,
14.6, 14.4, 0.0.
HR-MS (ESI) m/z calcd for C20H3805Si [M+Na]*: 409.2381, found 409.2372.
IR (thin film, NaCl): 29 53 , 17 37 , 1375, 1249, 110 3 , 1057, 938, 861, 837 cm-.
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1) DIBAL-H, toluene Me
0 -78 *C, 89% 0
SEMO - SEMO - ~ Me2) (CH3)2CHPPh 3Br, t-Me Me OEt BuOK, THF, 0 * to rt, 70% Me Me
93 94
Ester 93 (4.12 g, 10.7 mmol, 100 mol %) in 95 mL of dry toluene was cooled to -
78 *C under Ar. In a separate flame-dried flask, 12.8 mL of DIBAL-H (1M solution in
toluene, 12.8 mmol, 120 mol%) was mixed with 38 mL of dry toluene. The diluted
DIBAL-H solution was taken up in a syringe. Using a syringe pump, it was added to the
reaction mixture slowly over 60 min at -78 0C under Ar. The reaction mixture was
quenched with MeOH (10 mL) at -78 'C. After diluting with 50 mL of Et 20, satd. aq.
Rochelle's salt solution (100 mL) was added and the mixture was stirred vigorously for
45 min at rt. The mixture was transferred to a separatory funnel and satd. aq. Rochelle's
salt solution (100 mL) was added. After washing and separating, the aqueous layer was
extracted with Et20 (2 x 100 mL). The combined organic layers were dried over MgSO 4 ,
filtered, and concentrated. Column chromatography (20 to 35% EtOAc in hexanes)
isolated the intermediate aldehyde (3.27 g, 9.55 mmol, 89%) as a colorless oil.
To the Wittig salt (4.05 g, 10.5 mmol, 110 mol %) in dry THF (40 mL) under Ar
at 0 'C was added t-BuOK (1.23 g, 11.0 mmol, 115 mol %) in one portion. The reaction
mixture was stirred at 0 'C for 5 min then rt for 1.5 h. Aldehyde from the previous step
(3.26 g, 9.56 mmol, 100 mol %) was cannulated over in 30 mL of THF. The reaction
mixture was stirred at rt for 1 h. It was then opened to ambient atmosphere and silica gel
(23-400 mesh) was added until the red color disappeared. The slush was filtered through
a bed of silica, eluting with 500 mL of Et20. The crude reaction mixture was
concentrated. Column chromatography (10% EtOAc in hexanes) isolated 2.42 g (6.56
mmol, 69%) of 94 as a colorless oil.
'H NMR (500 MHz, C6D)
8 5.48 (t, J= 7.5 Hz, 1H), 5.18 (t, J = 7.5 Hz, 1H), 4.67 (s, 2H), 4.01 (s, 2H), 3.69 (t, J=
8.0 Hz, 2H), 2.64 (t, J = 6.0 Hz, 1H), 2.16-2.05 (m, 4H), 1.65 (br s, 6H), 1.63-1.55 (m,
2H), 1.54 (s, 3H), 1.50-1.41 (m, 2H), 0.98 (t, J = 8.0 Hz, 2H), 0.01 (s, 9H).
13C NMR (125 MHz, C6D6)
8 133.0, 132.2, 127.7, 124.6, 94.4, 73.6, 65.5, 63.1, 60.2, 39.2, 29.8, 26.2, 25.9, 24.2,
18.7, 18.0, 17.2, 14.4, 0.0.
HR-MS (ESI) m/z calcd for C21H40O3Si[M+Na]*: 391.2639, found 391.2633.
IR (thin film, NaCl): 2925, 1653, 1559, 1457, 1382, 1249, 1102, 1057 cm- .
Me 1) CsF, HMPA Me0 120 *C 0
SEMO Me 2 p-NO2BzCl ' p-N0 2BzO Me
Me Me CH2C 2, rt94 88% 2 steps 95
100
To 94 (2.40 g, 6.51 mmol, 100 mol %) in HMPA (40 mL) under Ar was added
CsF (6.92 g, 45.6 mmol, 700 mol %). The reaction mixture was stirred at 120 'C for 27 h.
It was then cooled to rt and partitioned between H 20 and Et20 (350 mL each). After
washing and separating, the aqueous layer was extracted with 100 mL of Et2 0. The
combined organic layers were dried over MgSO 4, filtered, and concentrated. The crude
material was dissolved in dry CH2 Cl 2 (50 mL). EtN (2.27 mL, 16.3 mmol, 250 mol %)
then p-NO2BzCl (1.51 g, 8.14 mmol, 125 mol %) then DMAP (80 mg, 0.651 mmol, 10
mol %) was added under Ar. The reaction mixture was stirred at rt for 1 h. It was then
diluted with 200 mL of Et20 and washed with 200 mL of satd. aq. NaHCO 3. The aqueous
layer was extracted with 100 mL of Et2O. The combined organic layers were dried over
MgSO 4, filtered, and concentrated. Column chromatography (10 to 20% EtOAc in
hexanes) isolated 2.21 g (5.70 mmol, 88%) of ester 95 as a light yellow oil.
'H NMR (500 MHz, C6D6)
8 7.79-7.77 (m, 1H), 7.77-7.76 (m, IH), 7.69-7.68 (m, 1H), 7.68-7.67 (m, 1H), 5.40 (t, J
= 7.0 Hz, IH), 5.15 (t, J = 7.0 Hz, IH), 4.59 (br s, 2H), 2.62 (t, J = 6.5 Hz, 1H), 2.16-1.20
(m, 4H), 1.64 (s, 3H), 1.61-1.51 (m, 8H), 1.48-1.40 (m, 2H), 1.12 (s, 3H).
3C NMR (125 MHz, C D6 )
6 164.7, 150.9, 135.9, 132.4, 130.9, 130.5, 130.4, 124.5, 123.8, 71.6, 63.1, 60.1, 38.8,
29.7, 26.2, 25.8, 24.2, 18.0, 17.2, 14.2.
HR-MS (ESI) m/z calcd for C22H29NO5 [M+Na]*: 410.1938, found 410.1930.
IR (thin film, NaCl): 2964, 2926, 1726, 1530, 1457, 1347, 1273, 1117, 1102, 720 cm-'.
1) Shi ketone (60), Oxone, Me Me
BU4NHSO4, K2C0 3,Na2B4O7, pH 10.5 0 0
Me DMM/CH 3CN/H 20, 0 *C Me0 ~30 min, 83%00
p-NO2BzO - ~ Me -HO Me 0M 0
Me pNBMe 2) K2C03, MeOH rt, 80% Me Me M
95 96
Shi ketone
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To a solution of ester 95 (1.13 g, 2.92 mmol, 100 mol %) in 2:1 v/v DMM/MeCN
(58 mL) was added a 0.05 M solution of Na2B407-10H20 in 4 x 10-4 Na 2EDTA (29 mL),
n-Bu4HSO 4 (199 mg, 0.585 mmol, 20 mol %), and ketone 60 (754 mg, 2.92 mmol, 100
mol %). This biphasic mixture was stirred vigorously at 0 0C for 10 min. To this mixture
was added, simultaneously over 30 min via syringe pump, a solution of Oxone (1.79 g,
2.92 mmol, 100 mol %, freshly prepared) in 13.9 mL of 4 x 10-4 Na2EDTA solution and a
0.89 M solution of aq. K2CO 3 (13.9 mL, 12.4 mmol, 425 mol %). Upon completion of
addition, the reaction mixture diluted with H 20 and Et20 (100 mL each). After washing
and separating, the aqueous layer was extracted with Et20 (2 x 50 mL). The organic layer
was dried over MgSO 4, filtered, and concentrated. Column chromatography (25% EtOAc
in hexanes) isolated 979 mg (2.43 mmol, 83%) of the intermediate diepoxide as a
colorless oil.
101
To the diepoxide from the previous step (979 mg, 2.43 mmol, 100 mol %) in
MeOH (18 mL) was added K2CO 3 (168 mg, 1.21 mmol, 50 mol %) in one portion. The
reaction mixture was stirred at rt for 2.5 h. The MeOH was then removed in vacuo and
the crude residue was partitioned between H2 0 and Et2O (100 mL each). After washing
and separating, the aqueous layer was extracted with Et2O (100 mL). The combined
organic layers were dried over MgSO4 , filtered, and concentrated. Column
chromatography (60% EtOAc in hexanes) isolated 494 mg (1.94 mmol, 80%) of the
diepoxide 96 as a colorless oil.
'H NMR (500 MHz, CD 6)
8 5.30 (app t, J= 7.0 Hz, 1H), 3.78 (d, J= 5.0 Hz, 2H), 2.61 (app t, J = 6.5 Hz, 1H), 2.49-
2.47 (in, 1H), 2.08-2.02 (m, 2H), 1.62-1.57 (in, IH), 1.51 (s, 3H ), 1.48-1.39 (in, 6H), 1.10
(s, 3H), 1.09 (s, 3H), 1.04 (s, 3H).
3C NMR (125 MHz, CD 6)
b 136.1, 124.9,68.8,64.0,63.1,60.3,58.0,39.1,27.0,26.8,25.2,24.0, 19.1, 17.1, 14.0.
HR-MS (ESI) m/z calcd for C,5H260 3 [M+Na]*: 277.1774, found 277.1780.
IR (thin film, NaCl): 3447, 2963, 2926, 2862, 1457, 1437, 1381, 1119, 1075, 1016, 889
cm
1) (i) MsCI, Et3N, CH2CI2
-10 *C
(ii) LiBr, THF, -10 to 0 "C
Me 2) LiBEt3H, THF Me0 -78 *C, 63% overall , Me Me
HO-' Me ."-me
Me Me Me Me
96 81
Allylic alcohol 96 (494 mg, 1.94 mmol, 100 mol %) and Et3N (0.680 mL, 4.86
mmol, 250 mol %) in CH2C 2 (9 mL) was cooled to -78 'C under an argon atmosphere.
MsC1 (0.190 mL, 2.43 mmol, 125 mol %) in CH 2Cl2 (3 mL) was added via syringe over 2
min. The reaction mixture was stirred for 45 min at -10 'C. LiBr (505 mg, 5.82 mmol,
300 mol %) in THF (5 mL) was added over 5 min. The reaction mixture was let warm to
0 0C over 1 h. It was then diluted with Et2O (200 mL) and the organic layer was washed
with satd. aq. NaCl (200 mL), followed by H20 (100 mL). The combined aqueous layers
were extracted with Et20 (1 x 200 mL). The combined organic layers were dried over
MgSO 4 , filtered, and concentrated. After azeotroping the crude residue from PhH twice,
it was taken up in THF (14 mL) and cooled to -78 'C under an argon atmosphere. A 1.0
M solution of LiBEt3H in THF (5.82 mL, 5.82 mmol, 300 mol%) was added over 15 min.
The reaction was stirred for I h at -78 *C. It was then quenched by dropwise addition of
H20 (10 mL) at -78 'C. The reaction mixture was warmed to rt whereupon it was further
diluted with Et20 and brine (100 mL each). After washing and separating, the aqueous
layer was extracted with Et2 0 (1 x 100 mL). The combined organic layers were dried
over MgSO 4 , filtered, and concentrated. Column chromatography (25% to 30% EtOAc in
hexanes) isolated 293 mg (1.23 mmol, 63% from 96) of diepoxide 81 as a colorless oil.
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'H NMR (600 MHz, C D)6
6 5.14 (app t, J = 6.6 Hz, 1H), 2.59 (app t, J = 6.6 Hz, 1H), 2.52 (app t, J = 6.6 Hz, 1H),
2.13-2.08 (m, 2H), 1.65-1.61 (m, 5H), 1.55-1.51 (m, 5H), 1.49-1.44 (m, 2H), 1.13 (s,
6H), 1.09 (s, 3H).
'
3 C NMR (125 MHz, CDCl13
8 132.6, 124.3, 64.6, 63.9, 61.5, 59.1, 39.4, 26.8, 26.7, 26.4, 25.5, 24.5, 19.4, 18.3, 17.2.
HR-MS (ESI) m/z calcd for C15H260 2 [M+Na]*: 239.2006, found 239.2016.
IR (thin film, NaCl): 2964, 2926, 2860, 1457, 1437, 1379, 1119, 891 cm'.
1) ent-Shi ketone (ent-60), Me Me
Oxone, Bu4NHSO 4 , M
K2CO3, Na2B4 07 , pH 10.5 o 0
Me DMM/CH 3CN/H 20, 0 *C Me 0
p-NO2 BzO Me 30 min, 85%, 4:1 dr HO Me
Me Me 2) K2CO3, MeOH rt, 89% Me Me X
95 97 M Me
ent-Shi ketone
(ent-60)
To a solution of ester 95 (1.02 g, 2.58 mmol, 100 mol %) in 2:1 v/v DMM/MeCN
(52 mL) was added a 0.05 M solution of Na2B40 7 10H 20 in 4 x 10-4 Na 2EDTA (26 mL),
n-Bu 4HSO4 (175 mg, 0.516 mmol, 20 mol %), and ent-60 (666 mg, 2.58 mmol, 100 mol
%). This biphasic mixture was stirred vigorously at 0 C for 10 min. To this mixture was
added, simultaneously over 30 min via syringe pump, a solution of Oxone (1.58 g, 2.58
mmol, 100 mol %, freshly prepared) in 12.3 mL of 4 x 10-4 Na2EDTA solution and a 0.89
M solution of aq. K2CO 3 (12.3 mL, 11.0 mmol, 425 mol %). Upon completion of
addition, the reaction mixture diluted with H2 0 and Et2 0 (100 mL each). After washing
and separating, the aqueous layer was extracted with Et2O (2 x 100 mL). The organic
layer was dried over MgSO 4 , filtered, and concentrated. Column chromatography (25%
EtOAc in hexanes) isolated 887 mg (2.19 mmol, 85%) of the diepoxide intermediate as a
colorless oil in 4:1 dr.
To the diepoxide from the previous step (864 mg, 2.14 mmol, 100 mol %) in
MeOH (16 mL) was added K2CO 3 (148 mg, 1.07 mmol, 50 mol %) in one portion. The
reaction mixture was stirred at rt for 2.5 h. The MeOH was then removed in vacuo and
the crude residue was partitioned between H2 0 and Et20 (75 mL each). After washing
and separating, the aqueous layer was extracted with Et 2O (75 mL). The combined
organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (60% EtOAc in hexanes) isolated 483 mg (1.90 mmol, 89%) of the
diepoxide 97 as a colorless oil.
'H NMR (500 MHz, C-D6)
6 5.36 (br s, 1H), 3.85 (br s, 1H), 2.70-2.68 (m, 1H), 2.57-2.54 (m, 1H), 2.11-2.05 (m,
2H), 1.67-1.60 (m, 2H), 1.56 (br s, 3H), 1.52-1.41 (m, 5H), 1.12 (s, 3H), 1.11 (s, 3H),
1.06 (s, 3H).
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"C NMR (125 MHz, CD 6 )
8 136.2, 124.8,68.8,63.6, 62.6, 60.5,58.3,39.1,26.6,26.4,25.2,24.0, 19.1,17.0,14.0.
HR-MS (ESI) m/z calcd for C,5H260 3 [M+H]*: 255.1955, found 255.1964.
IR (thin film, NaCl): 3447, 2963, 2926, 2862, 1653, 1559, 1540, 1507, 1464, 1473, 1386
cm
1) (i) MsCI, Et3N, CH2CI2
-10 IC
(ii) LiBr, THF, -10 to 0 *C
Me 2) LiBEt 3H, THF MeH -78 *C, 68% overall Me
HO - e Me 1- Me0 0
Me Me Me Me
97 82
Allylic alcohol 97 (468 mg, 1.84 mmol, 100 mol %) and Et3N (0.640 mL, 4.60
mmol, 250 mol %) in CH2 Cl2 (9 mL) was cooled to -78 'C under an argon atmosphere.
MsCl (0.180 mL, 2.30 mmol, 125 mol %) in CH2Cl2(2 mL) was added via syringe over 2
min. The reaction mixture was stirred for 45 min at -10 'C. LiBr (479 mg, 5.52 mmol,
300 mol %) in THF (4 mL) was added over 5 min. The reaction mixture was let warm to
0 'C over 90 min. It was then diluted with Et20 (200 mL) and the organic layer was
washed with satd. aq. NaCl (200 mL). The aqueous layer was extracted with Et2O (2 x
100 mL). The combined organic layers were dried over MgSO 4 , filtered, and
concentrated. After azeotroping the crude residue from PhH twice, it was taken up in
THF (13 mL) and cooled to -78 *C under an argon atmosphere. A 1.0 M solution of
LiBEt3H in THF (5.52 mL, 5.52 mmol, 300 mol%) was added over 15 min. The reaction
was stirred for 1 h at -78 'C. It was then quenched by dropwise addition of brine (10 mL)
at -78 'C. The reaction mixture was warmed to rt whereupon it was further diluted with
Et 20 and brine (100 mL each). After washing and separating, the aqueous layer was
extracted with Et2O (1 x 100 mL). The combined organic layers were dried over MgSO 4 ,
filtered, and concentrated. Column chromatography (25% to 35% EtOAc in hexanes)
isolated 298 mg (1.25 mmol, 68% from 97) of diepoxide 82 as a colorless oil.
'H NMR (500 MHz, C DO)
8 5.14 (t, J = 7.0 Hz, 1H), 2.64 (t, J = 6.0 Hz, IH), 2.55 (dd, J = 7.0, 5.5 Hz, 1H), 2.16-
2.04 (m, 2H), 1.66-1.61 (m, 5H), 1.59-1.51 (m, 4H), 1.48-1.40 (m, 3H), 1.13 (s, 6H), 1.07
(s, 3H).
13C NMR (125 MHz, C6D6)
6 131.9, 124.9, 63.4, 62.7, 60.5, 57.9, 39.5, 26.6, 26.6, 26.2, 25.3, 24.6, 19.1, 18.0, 17.1.
HR-MS (ESI m/z calcd for C,5H260 2 [M+Na]*: 239.2006, found 239.2013.
IR (thin film, NaCl): 2964, 2926, 1653, 1559, 1540, 1507, 1457 cm-'.
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Me Br(coll)2CIO 4, n-Bu 4NOAc , Me 
R Me
0 MeNO 2 , -20 *C to rt, 22% H HMe__Me, Me + Me- MeM Me Me 'Q-Ac MeAc
Me Me
Br'' Me Br Me
82 98 98'
ca. 1:1 mixture of diastereomers obtained
.Me 
.QMe
H HMe 0 . Me + M e- Me
M "H Me Me K2CO3, MeOH, rt
Br"7 Me Br - Me
S13 H S13'
To diepoxide 82 (20.0 mg, 0.0839 mmol, 100 mol %) was added n-Bu 4NOCOMe
(38.0 mg, 0.126 mmol, 150 mol %) in 0.8 mL of HFIP. The resulting mixture was cooled
to -20 'C under Ar. Br(coll)2ClO 4 (71.3 mg, 0.169 mmol, 200 mol %) was added in one
portion. The reaction mixture was kept out of light while warming to rt over 38 h. It was
then quenched by the addition of 5 mL of satd. aq. Na 2S2O 3. It was partitioned between
Et2O and a 1:1 mixture of satd. aq. NaCl/Na 2S2O 3 (30 mL each). After washing and
separating, the aqueous layer was extracted with Et2O (2 x 15 mL). The combined
organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (10 to 100% EtOAc in hexanes) isolated dioxepanes 98 and 98' together
(7.10 mg, 0.0185 mmol, 22%) as colorless oils. The mixture of diastereomers were
deacetylated for characterization (K2 CO3, MeOH, rt). Relative configurations of the
resulting tertiary alcohols (S13, S13') were determined by nOe studies.
Characterization data for S13:
'H NMR (500 MHz, C-D 6)
8 3.80 (dd, J = 10.0, 2.4 Hz, 1H), 3.58 (dd, J = 10.0, 3.2 Hz, 1H), 2.57 (dd, J = 7.0, 5.0
Hz, 1H), 1.99-1.91 (m, 1H), 1.82 -1.66 (m, 3H), 1.54-1.45 (m, 1H), 1.40-1.36 (m, 3H),
1.31 (s, 3H), 1.20 (s, 3H), 1.13 (s, 3H), 1.12 (s, 3H), 0.97 (s, 3H).
"3C NMR (125 MHz. C D)
6 78.0, 77.1. 75.0. 64.9. 64.2, 58.0, 43.2, 30.9, 30.0, 28.6, 27.3, 25.3, 23.9, 23.9, 19.2.
HR-MS (ESI) m/z calcd for C,5H27BrO 3 [M+Na]*: 357.1044, found 357.1028.
IR fthin filn, NaCI) 3447, 2961, 2925, 2852, 1653, 1559, 1457, 1376 cm-.
Characterization data for S13':
H NMR (500 MHz, CD )
8 3.68 (d, J= 10.5 Hz, 1H). 2.92 (dd, J= 9.5, 2.4 Hz, IH), 2.58 (app t, J= 9.5 Hz, 1H),
2.01-1.93 (m. 1H), 1.86 (ddd. J= 14.5, 6.0, 3.1 Hz, 11), 1.82-1.77 (m, 1H), 1.44-1.26
(m, 8H), 1.16 (s, 3H), 1.15 (s, 3H), 1.14 (s, 3H), 0.97 (s, 3H).
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"C NMR (125 MHz., CAD 6)
8 77.7, 76.9. 73.9, 64.1. 60.9, 58.0, 46.3, 32.1, 27.7, 27.2, 26.5, 25.4, 25.3, 21.4, 19.2.
HR-MS (ESI) m/z calcd for C15H27BrO3 [M+Na]*: 357.1044, found 357.1033.
IR (thin film. NaCl): 3421, 2923, 2851, 1653, 1559, 1457, 1377 cm-'.
Synthesis of pentaepoxide 100:
OH Me Me Me
HIO Me
Me Me Me
S14
OR Me Me Me
Me
Me Me Q4 D- U
Shi ketone (60), Oxone,
Bu4NHSO 4, K2CO 3,
Na2B40 7 , pH 10.5DMM/CH 3CN/H 2O, 0 *C50 min, 86%
p-NO2BzCI,
Et3N, DMAPS16 R = p-NO 2Bz CH2CI2, rt, 95%
O Me Me Me
O Me
02N - Me Me S17
OH Me Me Me
...' ... ..... I
Me
Me Me
S18
O Me Me Me
Me
Me Me
S19
aq. LiOH (0.5 M)/THF
0 to 8 *C, 84%
SO 3-pyr, Et 3N, DMSO
CH2CI2, 0 to 10 *C, 68%
(CH3)2CHPPh3Br, t-BuOK
THF, 0 'C to rt, 84%
100
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1) NalO 4 on silica
CH2CI2, rt
2) NaBH 4 , MeOH
0 'C, 82% 2 steps
OH Me Me Me
M e 
... .
H Me Me M " "Me Me Me
S14
1) NaIO 4 on silica
CH2CI2, rt
2) NaBH4, MeOH
0 *C, 82% 2 steps
OH Me Me Me
Me
Me Me
S15
28.6 g of NaIO 4 on silica (34.3 mmol, 250 mol %, made as described in the
general experimental method) was added to diol S148 8 (6.10 g, 13.7 mmol, 100 mol %) in
CH2 Cl 2 (140 mL). The reaction mixture was stirred at rt for 2 h. It was then filtered,
eluting with 300 mL of CH 2Cl2 . The filtrate was concentrated to a residue, dissolved in
210 mL of MeOH, and cooled to 0 'C. NaBH 4 (1.04 g, 27.4 mmol, 200 mol %) was
added portionwise over 5 min. 30 min later, the reaction mixture was partitioned between
Et 2O and satd. aq. NaHCO 3 (250 mL each). The aqueous layer was extracted with Et 20(150 mL). The combined organic layers were dried over MgSO 4 , filtered, and
concentrated. Column chromatography (20 to 50% EtOAc in hexanes) isolated primary
alcohol S15 (4.35 g, 11.3 mmol, 82%) as a colorless oil.
'H NMR (500 MHz, C-D6)
8 5.33-5.22 (m, 5H), 3.38 (t, J= 6.5 Hz, 2H), 2.23-1.98 (m, 18H), 1.68 (s, 3H), 1.62 (s,
3H), 1.61 (s, 6H), 1.57 (s, 3H), 1.55 (s, 3H), 1.53-1.49 (m, 2H).
3 C NMR (125 MHz, C D6)
8 135.6, 135.5, 135.4, 135.2, 131.5, 128.7, 125.3, 125.3, 125.2, 125.2, 62.8, 40.6, 40.6,
36.7, 31.7, 29.1, 29.1, 27.6, 27.5, 27.4, 26.2, 18.1, 16.6, 16.5, 16.5, 16.4.
HR-MS (ESI) m/z calcd for C27H460[M+Na]*: 409.3441, found 409.3428.
IR (thin film, NaCl): 3329, 2963, 2924, 2855, 1653, 1559, 1473, 1456, 1448, 1437, 1382
cm~'.
" Crispino, G. A.; Sharpless, K. B. Tetrahedron Lett. 1992, 33, 4273.
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1) p-NO2 BzCI, Et3N,Me Me Me MAP, CH 2CI2, rt, 95% Me Me
HO - - ' Me 00IHOI 2) Shi ketone (60), Oxone I
Me Me Bu4NHSO4 , K2 CO3, 0
S15 Na2B40 7 , pH 10.5
0 Me Me Me DMM/CH 3CN/H 20, 0 *C 0 0
O . e. 50 min, 86% Me Me
N. Q.: .: . Me
Me Me "0 '0 SNi ketone
0 2N S17 60
To alcohol S15 (1.60 g, 4.14 mmol, 100 mol%) in CH2 Cl 2 (35 mL) with Et3N
(1.44 mL, 10.3 mmol, 250 mol %) under Ar was added p-NO2BzCI (959 mg, 5.17 mmol,
125 mol %) in one portion, followed by DMAP (50.6 mg, 0.414 mmol, 10 mol %). The
resulting mixture was stirred at rt for 45 min. N, N'-dimethylethylenediamine (0.18 mL,
1.66 mmol, 40 mol %) was then added to quench the excess p-NO2BzCl, and the
resulting mixture was stirred at rt for 10 min. It was then diluted with 150 mL of Et2 O
and washed with 150 mL of brine. The aqueous layer was extracted with 150 mL of Et20.
The combined organic layers were dried over MgSO 4, filtered, and concentrated. Column
chromatography (0 to 5% EtOAc in hexanes) isolated ester S16 (2.10 g, 3.92 mmol, 95%)
as a pale yellow oil.
To a solution of ester S16 (2.10 g, 3.92 mmol, 100 mol %) in 2:1 v/v
DMM/MeCN (855 mL) was added a 0.05 M solution of Na2B407*10H20 in 4 x 10-4
Na2EDTA (428 mL), n-Bu4HSO 4 (3.33 g, 9.80 mmol, 250 mol %), and Shi ketone (10.1
g, 39.2 mmol, 1000 mol %). This biphasic mixture was stirred vigorously at 0 'C for 10
min. To this mixture was added, simultaneously over 50 min via syringe pump, a solution
of Oxone (96.4 g, 157 mmol, 4000 mol %, freshly prepared) in 374 mL of 4 x 10-4
Na2EDTA solution and a 0.89 M solution of aq. K2CO 3 (374 mL, 314 mmol, 8000 mol
%). Upon completion of addition, the reaction mixture was immediately diluted with H 20
(2 L) and extracted with Et2O (8 L). The organic layer was dried over MgSO 4 , filtered,
and concentrated. Column chromatography (10% EtOAc in hexanes) isolated 2.08 g
(3.38 mmol, 86%) of pentaepoxide S17 as a colorless oil. The following data is given for
the major diastereomer.
'H NMR (500 MHz. C6D )
6 7.79 (d, J = 8.5 Hz, 2H), 7.73 (d, J = 8.5 Hz, 2H), 4.10 (t, J = 7.0 Hz, 2H), 2.70-2.58
(m, 4H), 2.53-2.50 (m, 1H), 1.71-1.39 (m, 20H), 1.14 (s, 3H), 1.11 (s, 6H), 1.10 (s, 3H),
1.09 (s, 3H), 1.09 (s, 3H).
13C NMR (125 MHz, C D)
8 164.8, 151.0, 135.8, 130.9, 123.9, 65.9, 63.7, 62.7, 62.6, 62.3, 62.3, 60.2, 60.2, 60.1,
60.0, 58.0, 36.0, 35.9, 35.8, 35.3, 26.5, 26.5, 25.3, 25.3, 25.1, 25.1, 24.9, 19.1, 17.2, 17.2,
17.2, 17.0.
HR-MS (ESI) m/z calcd for C34H49NO9 [M+H]*: 616.3480, found 616.3462.
IR (thin film, NaCl): 2963, 1725, 1608, 1559, 1528, 1457, 1387, 1350, 1276 cm-.
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0 Me Me Me 1) aq. LiOH (0.5 M)/THF
O MeI 0to 8 *C, 84%
eMe Me "6 2) S03-pyr, Et3 N, DMSO
0 2N S17 CH2Cl 2, 0 to 10 *C, 68%
0 Me Me Me
6 Me
Me Me
S19
To ester S17 (2.00 g, 3.24 mmol, 100 mol %) in THF (13 mL) at 0 'C was added
a 0.5 M aq. LiOH solution (13.0 mL, 6.50 mmol, 200 mol %) slowly over 1 min. The
resulting cloudy suspension was stirred for 1.5 h while warming to 8 0 C. The reaction
mixture was partitioned between Et 2O and a 1:1 H20/brine mixture (150 mL each). The
two layers were weparated and the aqueous layer was extracted with Et 2O (2 x 75 mL).
The combined organic layers were dried over MgSO4 , filtered, and concentrated. Column
chromatography (80% EtOAc in hexanes to 5% MeOH in EtOAc) isolated 1.27 g (2.72
mmol, 84%) of alcohol S18 as a colorless oil.
Alcohol S18 (1.25 g, 2.67 mmol, 100 mol %) in CH2 C12 (28 mL) with Et3N (1.49
mL, 10.7 mmol, 400 mol %) and DMSO (2.67 mL, I mL/mmol) was cooled to 0 'C
under Ar. S0 3epyr (1.28 g, 8.02 mmol, 300 mol%) was added in one portion, followed by
an Ar purge. The reaction mixture was stirred for 2.5 h while warming to 10 'C. It was
then diluted with 125 mL of Et20 and washed with 125 mL of brine. The organic layer
was further washed with 125 mL of H20. The combined aqueous layers were extracted
with Et2O (2 x 125 mL). The combined organic layers were dried over MgSO 4, filtered,
and concentrated. Column chromatography (70% EtOAc in hexanes) isolated 846 mg
(1.82 mmol, 68%) of aldehyde S19 as a colorless oil. The following data is given for the
major diastereomer.
'H NMR (500 MHz, C-D)
8 9.31-9.30 (m, 1H), 2.69-2.56 (m, 3H), 2.53-2.46 (m, 2H), 1.97-1.92 (m, 2H), 1.71-1.39
(m, 20H), 1.14 (s, 3H), 1.11 (s, 3H), 1.11 (s, 3H), 1.09 (s, 6H), 0.97 (s, 3H).
3C NMR (125 MHz, C DJ)
6 200.4, 63.7, 62.6, 62.6, 62.3, 60.2, 60.2, 60.1, 59.7, 58.0, 39.6, 36.0, 35.9, 35.8, 30.8,
26.5, 26.5, 25.3, 25.3, 25.1, 24.9, 19.1, 17.2, 17.2, 17.2.
HR-MS (ESI) m/z calcd for C27H4406 [M+H]*: 465.3211, found 465.3205.
IR (thin film, NaCl): 2963, 2928, 1724, 1700, 1653, 1559, 1507, 1457, 1437, 1387 cm-'.
tqfD- +30.2 (c = 1.6, CHCl3).
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0 Me Me Me (CH3)2CHPPh 3Br, t-BuOK
, 0, 0. ee THF, 0 'C to rt, 84%
MeMe Me
S19
e Me Me MeM e ........
- ." -6 M6e
Me Me Me
100
The Wittig reagent (2.82 g, 7.32 mmol, 400 mol %) and t-BuOK (616 mg, 5.49
mmol, 300 mol %) were combined inside a glovebox. The mixture was cooled to 0 0C
under Ar. THF (20 mL) was added. The reaction mixture was stirred at 0 *C for 5 min,
then rt for 10 min, resulting in a brick-red suspension. Aldehyde S19 (808.6 mg, 1.74
mmol, 100 mol %) was added in 20 mL of THF by cannula. The reaction mixture was
stirred at rt for 1 h. It was then opened to ambient atmosphere and silica gel (23-400
mesh) was added until the red color disappeared. The slush was filtered through a bed of
silica, eluting with 150 mL of Et20. The crude reaction mixture was concentrated.
Column chromatography (50% EtOAc in hexanes) isolated 714 mg (1.46 mmol, 84%) of
(R, R, R, R, R)-squalene pentaoxide 100 as a white amorphous solid. The following data
is given for the major diastereomer.
'H NMR (500 MHz, C6D6J
6 5.15 (t, J = 7.0 Hz, 1H), 2.69-2.58 (m, 4H), 2.53-2.50 (m, 1H), 2.15-2.06 (m, 2H), 1.72-
1.43 (m, 24H), 1.15 (s, 3H), 1.14 (s, 3H), 1.11 (s, 3H), 1.11 (s, 3H), 1.10 (s, 3H), 1.09 (s,
3H).
13C NMR (125 MHz, C D61
8 131.9, 124.8, 63.7, 62.9, 62.6, 62.3, 62.3, 60.5, 60.2, 60.2, 60.1, 58.0, 39.5, 36.0, 35.9,
35.9, 26.6, 26.2, 25.3, 25.3, 25.3, 25.3, 25.2,24.7, 19.2, 18.0, 17.2, 17.2, 17.2, 17.1.
HR-MS (ESI) m/z calcd for C30H500 5 [M+Na]*: 491.3731, found 491.3719.
IR (thin film, NaCl): 2963, 2926, 2859, 1653, 1559, 1457, 1437, 1386 cm-.
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Me Me Me
Me Me Me Me Br(coll) 2C10 4, n-Bu4 NOAc
I " "6 *,,Me MeN0 2
Me Me Me 
-20 'C to rt, 8%
100
Me
H .OAc Me Me Me
Me Me K2CO3, MeOH, rt
Br 101
HMe OMe QMe
Me O Me
Me
Me
Br S20 Me Me
Bu 4 NOCOMe (92.3 mg, 0.306 mmol, 150 mol%) was dissolved in distilled
nitromethane (2 mL) at rt under Ar. This solution was added to (R, R, R, R, R)-squalene
pentaoxide 100 (100 mg, 0.204 mmol, 100 mol%) under Ar at ambient temperature. The
whole mixture was cooled to -20 0C under Ar. Br(coll) 2ClO4 (172 mg, 0.408 mmol, 200
mol%) was added, followed by an Ar purge. The reaction mixture was kept in the dark
immediately and stirred for 18 h while slowly warming to rt under Ar. The reaction was
quenched by addition of 5 mL of saturated aq. Na2S2O3 It was then partitioned between
50 mL of Et2O and a 1:1 mixture of satd. aq. Na2 S2O3/NaCl (50 mL total). The aqueous
layer was extracted with Et 20 (3 x 10 mL). The combined organic layers were dried over
MgSO 4 , filtered, and concentrated. Column chromatography (5 to 100% EtOAc in
hexanes) isolated bicycle 101 (9.8 mg, 0.0156 mmol, 8%) as a colorless oil. This
intermediate was deacetylated to facilitate purification and characterization (K2 CO3,
MeOH, rt).
Characterization data for S20:
H NMR 500 MHz MDe
5 4.07 (ddJ = 6.5. 1.3 Hz, H), 3.88 (dd, J = 11.5, 3.1 Hz, 1H), 3.63 (dd, i = 10.0, 2.5
Hz. iH), 2.77 (t, I= 6.5 Hz, nH), 2.67 (dd, i= 7.0, 5.0 Hz, d H) 2.53-2.44 (m, 2H), 2.02-
1.94 (i, 2H), 1.79-1.37 (m, 171), 1.34 (s, 3H), 1.21 (s, 3H), 1.20 (s, 3H), 1.13 (s, 3H),
1.10 (s, 3H), 1.09 (s, 3H), 1.04 (s, 3H), 0.95 (s, 3H).
'C NMR (125 MHz, CDD(,
S80.2, 79.2,76.9, 76.5, 75.4, 66.3, 63.8, 63.2, 62.6, 60.2, 60.1,58.2, 41.5, 39.8, 36.0,
36.0, 30.6, 30.2, 28.9, 28.6, 28.4, 27.9, 27.4, 25.4, 25.3, 25.2, 19.1, 17.7, 17.3, 17.2.
HR-MS (ESI) m/z caled for C8HlBrO w [M+Na]*: 609.2761, found 609.2776.
IR (thin film, NaCl): 3447,2920,t2851, 1653, 1457, 1437, 1380, 1075 cm-'.
a]22D -075, CHCl3).
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J.'H and "C NMR Spectra
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Chapter II
Synthetic Studies toward (+)-Scholarisine A
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Introduction: Akuammiline Alkaloids
Scholarisine A (1, Figure 1),1 picrinine (2),2 aspidophylline A (3)3 and vincorine
(4)4 are monoterpene indole alkaloids in the akuammiline family. Natural products in this
class have been proposed to arise from geissoschizine (9, Scheme 2)," a reduced version
of 4,21-dehydrogeissoschizine (10, Scheme 1). Metabolite 10, derived from tryptamine
(11) and secologanin (12, derived from geraniol), is the common precursor to the
strychnos, aspidosperma, and iboga alkaloids, among many others.
Figure 1. Selected members of the akuammiline alkaloids
0 H3CO 0
Me OMe H, RMe 0
N 2 picrinine R = H
N scholarisine A (1) N 5 picraline R = CH20Ac
HH3CO 0 OCH3
Me H, -,H -
N
N CH 3 vincorine (4)
H3CO 0
MeH 
-aRi -/
N
NR2 0 H
3 aspidophylline A R1 = H,
R2= CHO
6 aspidodasycarpine R1 =
CH2OH, R
2
= H
H3CO 0
Me H, -
N N 7 strictamine R = H
N 8 akuammiline R = CH 2OAc
Starting from 11 and 12, strictosidine synthase catalyzes a stereoselective Pictet-
Spengler reaction to give strictosidine (13, Scheme 1).6 From 13, deglycosylation gives a
metabolite that is in equilibrium with its open form aldehyde 14. Imine formation
followed by double bond isomerization affords 4,21-dehydrogeissoschizine (10).
Cai, X.-H.; Tan, Q.-G.; Liu, Y.-P.; Feng, T.; Du, Z.-Z.; Li, W.-Q.; Luo, X.-D. Org. Lett. 2004,10,577.
2 (a) Chatterjee, A.; Mukherjee, B.; Ray, A. B.; Das, B. Tetrahedron Lett. 1965, 6, 3633. (b) Ghosh, R.;
Roychowdhury, P.; Chattopadhyay, D.; Iitaka, Y. Acta Crystallogr., Sect. C 1988, 44, 2151.
' Subramaniam, G.; Hiraku, 0.; Hayashi, M.; Koyano, T.; Komiyama, K.; Kam, T.-S. J. Nat. Prod. 2007,
70, 1783.
4 Mokff,. J.; Ddbravkovd, L.; Eef1ovie, P. Experientia 1962, 18, 564. (b) Kalamaras-Mamatas, S.; Sdvenet,
T.; Thal, C.; Potier, P. Phytochemistry 1975, 14, 1637.
(a) Rapoport, H.; Onak, T. P.; Hughes, N. A.; Reinecke, M. G. J. Am. Chem. Soc. 1985, 80, 1601. (b)
Rapoport, H.; Windgassen, R. J.; Hughes, N. A.; Onak, T. P. J. Am. Chem. Soc. 1960, 82, 4404. (c) Janot,
M.-M. Tetrahedron 1961,14, 113.
6 O'Connor, S. E.; Maresh, J. J. Nat Prod. Rep. 2006, 23, 532, and references therein.
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Scheme 1. Biogenesis of 4,21-dehydrogeissoschizine (10)
ri111111
NH2
H
tryptamine (11) strictosidine
synthase
H O
u .110,, O ..,,OH
MeO2C O0 OH
secologanin (12) OH
NGN
N -, condensation H -"HH "H H
14 15
NH strictosidine
OH deglucosidase
strictosidine (13)
double bond
isomerization
.Me
10 4,21-dehydrogeissoschizine
Reduction of 10 by geissoschizine dehydrogenase gives 9 (Scheme 2). Oxidation
to 16 can initiate a cyclization event to give 17, which bears structural backbone typically
found in the akuammiline alkaloids, such as in 7 and 8.7 Alternatively, the indolenine
moiety in 17 may be quenched by a heteroatom to give a furoindoline moiety (found in 2,
3, 5, 6) or aminal moiety (found in 4).
Scheme 2. Biogeneses of monoterpene indole alkaloids
N 0  ajmaline, stiychnos, aspidosperma,H Me ----- iboga, corynanthe, quininoline, andMe ' cinchona alkaloids
10 4,21-dehydrogeissoschizine
geissoschizine
dehydrogenase
NADPH
N ,N
HH H H
' Me Me
MeO 2C N OH MeO 2C 0 CHO
9 geissoschizine 16
CHO
CO2Me
No N akuammiline
H :alkaloids
Me
17
7 (a) Smith, G. F. Chem. Ind. 1961, 1120. (b) Wenkert, E.; Wickberg, B. J. Am. Chem. Soc. 1965, 87, 1580.
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In recent couple of years, the synthetic community has witnessed a number of
total syntheses of these alkaloids. Among them is the total synthesis of (±)-3 reported by
Garg, et al. featuring an interrupted Fischer indolization cascade to construct furoindoline
21 (Scheme 3 (a)).8 More recently, the first asymmetric total synthesis of (-)-4 was also
reported by Ma, et al. featuring an intramolecular oxidative coupling between an indole
and a malonate, followed by aminal formation to furnish pentacycle 23 in one
transformation (Scheme 3 (b)). 9a
Scheme 3. Key transformations in recent akuammiline alkaloids syntheses
(a) aspidophylline:8
0 O O H3CO 0 H3CO 0
Me H, MeNH Me H, H MeH, .H 3
ON N N N ->
H2  N N
Ts Ts TS Ts
18 19 20 21
(b) vincorine:9a
H3 C32CCOCCO2CH3  OCH 3H H CO Q C0 20H 3
N OTBS LHMDS, 12  Me H,.
H3CO 
67%Me 7%N TBSO N H
22 NHBoc H 23
Scholarisine A (1) captured our attention as a synthetic target because of its
unique architectural features; a cagelike hexacyclic structure with a bridged lactone
(Figure 2). This natural product contains two intact imine moieties, one of which is an
indolenine (at C2), as opposed to the more commonly found furoindoline (in 2, 3, 5, 6) or
pyrrolidinoindoline (in 4) subunit. The second imine moiety at C21 is equally unique, as
this is typically found (in 2-8) as an ethylidene subunit of a piperidine ring. Though no
information on the bioactivity of 1 is currently available, congeners of picraline (5) has
been reported as selective and potent inhibitors of SGLT2,10 a target for type-IL diabetes
treatment.
8 Zu, L.; Boal, B. W.; Garg, N. K. J. Am. Chem. Soc. 2011,133,8877.
9 (a) Zi, W.; Xie, W.; Ma, D. J. Am. Chem. Soc. 2012, 134, 9126. For a previous racemic synthesis of (*)-
vincorine (4), see: (b) Zhang, M.; Huang, X.; Shen, L.; Qin, Y. J. Am. Chem. Soc. 2009, 131,6013.
10 (a) Britten, A. Z.; Smith, G. F. J. Chem. Soc. 1963, 3850. (b) Britten, A.; Smith, G.; Spiteller, G. Chem.
Ind. 1963, 1492.
" (a) Meng, W.; Ellsworth, B. A.; Nirschl, A. A.; McCann, P. J.; Patel, M.; Girotra, R. N.; Wu, G.; Sher, P.
M.; Morrison, E. P.; Biller, S. A.; Zahler, R.; Deshpande, P. P.; Pullockaran, A.; Hagan, D. L.; Morgan, N.;
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Figure 2. Structural challenges of 1
0 0 Me
Himine moieties
quaternary stereocenters
/ 21
N'12 N tertiary stereocenters
1 H
To add to the structural challenge, each imine moiety in 1 bears an a-all-carbon
quaternary stereogenic center (at C7 and C20, Figure 2), indicating that they can be set by
alkylation of enamine precursors. Indeed, such events have been proposed in the
biosynthesis of 1 from picrinine (2, vide infra). In addition, there are four tertiary
stereocenters at C3, C5, C15 and C16. Two of these (C3 and C16) are at enolizable sites,
hence susceptible to epimerization during the synthetic study.
The current proposed biogenesis of 1 from 2 is shown in Scheme 4.12 First, NO-
acetal cleavage gives rise to ABCD tetracycle 24. Double bond isomerization from the
allylamine then forms the cyclic enamine moiety in 25. This intermediate can then
undergo an aldol-lactonization cascade, whereby addition of the enamine to the aldehyde
creates an alcohol, which could lactonize to complete the E and F rings of 1
simultaneously.
Scheme 4. Proposed biosynthesis of 1 from 2
H3CO O O OMe Me
H - N,0-acetal H / allylamine to enamineMe H, cleavage isomerization
N N NH
N 2 24H
o OMe Me enamine addition O O Me
H 0 into aldehyde and H Flactonization
NIH A B 
C
N NH N N
25 H I H
Taylor, J. R.; Obermeier, M. T.; Humphreys, W. G.; Khanna, A.; Discenza, L.; Robertson, J. G.; Wang, A.;
Han, S.; Wetterau, J. R.; Janovits, E. B.; Flint, 0. P.; Whaley, J. M.; Washburn, W. N. J. Med. Chem. 2008,
51, 1145. (b) Arai, H.; Hirasawa, Y.; Rahman, A.; Kusumawati, I.; Zaini, N. C.; Sato, S.; Aoyama, C.;
Takeo, J.; Morita, H. Bioorg. Med. Chem. 2010, 18, 2152.
1 Cai, X.-H.; Tan, Q.-G.; Liu, Y.-P.; Feng, T.; Du, Z.-Z.; Li, W.-Q.; Luo, X.-D. Org. Lett. 2004,10,577.
239
B: Retrosynthetic Analysis
We wanted to incorporate the appealing aldol-lactonization cascade into our
approach toward 1 (Scheme 5). At the beginning of our study, there has been no previous
report of a total synthesis of 1. The retrosynthetic strategy that we developed includes:
(1) A late-stage C5-C20 bond disconnection from a pentacyclic intermediate such as
26, bearing an electrophilic carbon at C5. This transformation will form the C21
imine simultaneously with the construction of C5 stereocenter and E-ring of 1.
Synthetic intermediates that may represent 26 include cyclic anhydride 28 or
aldehyde 29, the latter of which is very similar to the proposed biomimetic
intermediate 25. In the case of 28, alkylation would lead to pentacyclic ketone 27,
which might be selectively reduced at C5 to complete the hexacyclic structure of
1 after lactonization.13
(2) Anhydride 28 and aldehyde 29 may arise from tetracyclic indole 30 through an
intramolecular indole alkylation to form the C7 quarternary stereocenter and C2
indolenine moiety simultaneously. Flexibility on the alkylation approach could be
explored depending on the ester derivatives of 30 used.
(3) Use of the C20 Et substituent of the natural product to direct a diastereoselective
Diels-Alder reaction en route to the ABCD tetracycle 30 (vide infra).
13 (a) Nakata, T.; Tanaka, T.; Oishi, T. Tetrahedron Lett. 1983, 24, 2653. (b) Fujisawa, T.; Kohama, H.;
Tajima, K.; Sato, T. Tetrahderon Lett. 1984, 25, 5155. (c) Kathawala, F. G.; Prager, B.; Prasad, K.; Repic,
0.; Shapiro, M. J.; Stabler, R. S.; Widler, L. Helv. Chim. Act. 1986, 69, 803. (d) Pikul, S.; Raczko, J.;
Ankner, K.; Jurczak, J. J. Am. Chem. Soc. 1987, 109, 3981.
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Scheme 5. Current retrosynthetic strategy toward 1
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To eventually approach a tetracycle such as 30, tetracyclic acid 31 was targeted as
delineated in Scheme 6. Retrosynthetically, 31 could come from tetracycle 32 bearing a
cyclopentanone derivative. This, in turn, could arise via a 6-exo-trig iminium cyclization
of indole 33. Diels-Alder cycloaddition between diene 35 and enone 36 could be
followed by arylnitro reduction to give 34, and oxidative double bond cleavage would
effect a Plieninger indolization to give 33. Hence, the sequence of ring formation in our
approach toward 1 would be A-B-C-D-F-E.
Scheme 6. Approach toward tetracyclic acid 31
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An alternative approach to a similar tetracyclic system as 31 was previously
reported by Bosch, et al. (Scheme 7).14 In this elegant study, addition of anion derived
from 37 to pyridinium 38 gave intermediate 39, which further cyclized under acidic
condition to give tetracycle 40. Unfortunately, this intermediate was usually isolated as a
mixture of C16 epimers, with the undesired diastereomer (40') being the major product.
This, combined with the low overall yields of the transformations and the lack of
asymmetric variant of this approach, led us not to adopt this strategy to access 31.
Scheme 7. Bosch's approach to tetracyclic systems found in the akuammiline alkaloids
CO2Me R
2  G CO2 Me
Br -70 toD30 *C MeO 2C dry HCI, rt
37 38 CO2Me 39 NR2R1
R3 R4  CO2Me R
3 k4
C OHCVMeOH, NaBH 4  Me
N ca. 40-50%N
N1 '1H N1 H R2 41 R1 H
40 R3 = CO 2Me, R
4 
= H
40' R3 = H, R4 = CO 2Me
40:40' =ca. 1:3
total yield of two diastereomers up to 50%
During the course of our study, a synthesis of 1 was published by Smith, et al. in
2012 (Scheme 8).15 Starting from bicyclic lactone 42 (four steps from commercially
available cis-4-cyclohexene-1,2-dicarboxylic anhydride), alkylation events set the C20
quaternary stereocenter early in the sequence. Next, a Rh-catalyzed reductive cyclization
of epoxy nitrile 43 gave rise to tricycle 44 in a good yield. After a few functional group
interconversions (FGI), Fischer indolization was carried out using 1-benzyl-1-
phenylhydrazine to give 45. After a few more FGIs, C5 aldehyde 46 was revealed for a
reaction with benzyloxymethyllithium to give alcohol 47 with the C5 stereocenter set.
Next, deprotection of the C17 silyl ether followed by oxidative constructed the E-ring of
1. The rigid ABCDE pentacyclic ring system of 48 allowed for a smooth intramolecular
indole alkylation to occur upon exposure of the C6 mesylate to BTTP (tert-butylimino-
14 Bennasar, M.-L.; Alvarez, M.; Lavilla, R.; Zulaica, E.; Bosch, J. J. Org. Chem. 1990, 55, 1156.
'" Adams, G. L.; Carroll, P. J.; Smith, A. B. J. Am. Chem. Soc. 2012, 134,4037.
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tri(pyrrolidino)-phosphorane). After removal of the trifluoroacetate group, a late-stage
oxidation using PhIO installed the C21 imine and completed the first total synthesis of 1
(20 steps from 42). In this approach, the sequence of ring formation was C-D-A-B-E-F.
Scheme 8. Smith's synthesis of 1
0 0
H
H4
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1) BtCN, LDA, THF, 60% Me O H Rh/A120 3 , H2 (120 Me 02) EtI, K2 C03, CH 3CN, 71% H psi), THF, 50 *C, 64%
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C. Initial Studies of the Diels-Alder Reaction
Our synthetic study started with transition state modeling of our proposed Diels-
Alder reaction, to see the energetic difference caused by the Et substituent in 36 (Figure
3).16 This will affect the diastereoselectivity in our proposed Diels-Alder reaction. We
used amine 50 as the model diene in this calculation. Transition state modeling was
performed with Spartan using the Hartree-Fock 3-21G basis set. Structure 52 depicts a
16 Spartan 2010; Wavefunction, Inc: Irvine, CA. Mr. Kurt W. Armbrust is acknowledged for this
calculation.
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transition state where the Et group of 36 is at the opposite face than approach of diene 50.
Conversely, structure 53 depicts a transition state where the Et group of 36 is on the same
side as approach of diene 50. The difference in energy was calculated to be 14.6
kcal/mol, which hypothetically should be sufficient to give rise to a highly
diastereoselective reaction.
Figure 3. Spartan modeling of the transition states of a Diels-Alder reaction between 50
and 36 using Hartree-Fock 3-21G basis set
OO yK.Et0
NH Et' NH 250 36 51
52 Erei = -14.6 kcal/mol 53 Ee, =0 kcal/mol L
With this promising start, synthesis of enone 36 started with cyclopentadiene
(Scheme 9). Oxidation to the epoxide' 7 was followed by ring opening with Ac 2O under
Pd catalysis to give a bis-acetate, which was hydrolyzed to diol 54.18 Enzymatic
desymmetrization proceeded to give acetate 55 in 52% yield and 78% ee.' 9 Displacement
of the acetate with EtMgCI under Cu catalysis gave alcohol 56, which was oxidized to
36.20
"7 (a) Korach, M.; Nielsen, D. R.; Rideout, W. H. Organic Syntheses; Wiley & Sons: New York, 1973; V,
414. (b) Crandall, J. K.; Banks, D. B.; Colyer, R. A.; Watkins, R. J.; Arrington, J. P. J. Org. Chem. 1968,
33, 423. (c) Basra, S. K.; Drew, M. G. B.; Mann, J.; Kane, P. D. J. Chem. Soc., Perkin Trans. 1 2000, 3592.
'8 (a) Deardorff, D. R.; Myles, D. C.; McFerrin, K. D. Tetrahedron Lett. 1985, 26, 5615. (b) Tietze, L. F.;
Stadler, C.; Bohnke, N.; Brasche, G.; Grube, A. Synlett 2007,485.
'
9 Tietze, L. F.; Stadler, C.; B6hnke, N.; Brasche, G.; Grube, A. Synlett 2007,485.
20 Ito, M.; Matsuumi, M.; Murugesh, M. G.; Kobayashi, Y. J. Org. Chem. 2001, 66, 5881.
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Scheme 9. Synthesis of enone 36
1) peracetic acid, Na2CO3, NaOAc
2) Pd(PPh3)4, Ac203) K2C0 3, MeOH
0
HO OH PO Me
Et3N, pancreatin(±)-54 52%, 78% ee
0
EtMgCI, cat. CuCN Eto. OH TPAP, NMO
-23 to -15 *C CH2CI2,4 A MS .
56 67% 2 steps Ef 36
Synthesis of diene 35 commenced as previously reported, shown in Scheme 10.21
Starting with 2-nitroaniline, diazotization with nitrous acid was followed by reaction with
butadiene in the presence of CuCl2 to give allyl chloride 57, which was treated with KOH
in MeOH to complete 35.
Scheme 10. Synthesis of diene 35
IKNl 1) HCI, NaNO 2  KOH,MeOH
NO2 2) CuCl2, NaOAc NO2  65% 3 steps NO2
57 Cl35
To investigate whether 35 and 36 would react in the absence of any Lewis acid,
both reactants were heated together at 120 *C in a Schlenk tube (Scheme 11). After a
prolonged reaction time, only homodimerization product of the diene (58) was observed,
and 36 did not participate in the reaction. When 1 equivalent of BF 3eOEt 2 was used at 50
*C, only the trans diastereomer 59 was observed (Scheme 11).22 This resulted from in-
situ epimerization of the initially formed cis adduct 60, due to the steric interaction
between the cyclopentanone and the aryl ring.2 3
21 Braude, E. A.; Fawcett, J. S. J. Chem Soc. 1951, 3113.
22 No reaction was observed at a lower temperature.
23 (a) House, H. 0.; Rasmusson, G. H. J. Org. Chem. 1963, 28, 31. (b) Fringuelli, F.; Pizzo, F.; Taticchi, A.;
Halls, T. D. J.; Wenkert, E. J. Org. Chem. 1982,47,5056.
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Scheme 11. Diels-Alder studies using diene 35
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Trans adduct 59, nevertheless, was a useful model system for the next
transformations in the synthetic sequence. Progress to access indole 64 is shown in
Scheme 12. Protection of 59 as the dioxolane acetal 61 was found to be necessary for
successful arylnitro reduction to amine 62. After protection as carbamate 63, ozonolytic
cleavage of the double bond followed by reductive workup using SMe2 affected a smooth
Plieninger indolization to give 64. Arylnitro reduction attempts from 59 resulted in
double bond isomerizations (to the tetrasubstituted enones) or formation of a
tetrahydroquinoline side product resulting from reductive amination between the
arylamine and the cyclopentanone. X-ray crystallography of 65, a Ns derivative of 62
confirmed the trans ring fusion (Figure 4).
Scheme 12. Successful sequence to indole 64
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Figure 4. ORTEP representation of 65
at
0 -
02 ~~ f 5 Et
':tU 4 2 _C27 ,
/c\I,..
ct '/NH 65
5 CU C22 0-22'
.5c2
3 NO 2
An analogous epimerization phenomenon was observed by Overman, et al. en
route to the syntheses of nankakurines A and B (Scheme 13).24 Diels-Alder reaction
between diene 66 and cyclohexenone 67 at 50 *C in the presence of EtAlCl2 gave trans-
fused 68 as the major product. It was found that using ketal 69 in place of cyclohexenone
67 allowed the reaction to be carried out at a much lower temperature (-78 *C), leading
to formation of cis-fused 68 as the major product.2 5 It was postulated that exposure of 69
to TMSOTf led to the formation of alkoxy-substituted allyl cation 70, which was a more
reactive partner in the Diels-Alder cycloaddition than 67.
2 4 (a) Nilsson, B. L.; Overman, L. E.; Alaniz, J. R.; Rohde, J. M. J. Am. Chem. Soc. 2008, 130, 11297. (b)
Altman, R. A.; Nilsson, B. L.; Overman, L. E.; Alaniz, J. R.; Rohde, J. M.; Taupin, V. J. Org. Chem. 2010,
75,7519.
25 Gassman, P. G.; Singleton, D. A.; Wilwerding, J. J.; Chavan, S. P. J. Am. Chem. Soc. 1987, 109,2182.
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Scheme 13. Overman's Diels-Alder reaction studies to form cis-fused decalone ring
systems
M rt, 50 mol % EtAIC12 R H M
Me R Me
H
66 67 68, 74% 1:1-1:3 cis:trans epimers
-0 via: O -,OTMS
O O 1) 10 mol % TMSOTf, -78 C H
R Me 2) FeCl3 /Si0 2 , 90% 2 steps .Me R 'Me Me
66 69 68, 90% 2 steps, >11:1 cis:trans epimers 70
We saw the potential in applying such a strategy to our synthesis (Scheme 14). In
addition, we also found the necessity for cyclopentanone acetalization for successful
indole formation (Scheme 12). Hence, route to access ketal 71 was sought to potentially
access cis-fused adduct 72 (Scheme 14 (a)). Unfortunately, under many conditions
utilized, reliable access to 71 was not found.26 In most cases, oligomerization or complex
mixtures were observed, with double bond isomerization product 73 being the major
species isolated (Scheme 14 (b)).
Scheme 14. Diels-Alder plan using 71
( 1) Diels-Alder cycloadditionEt0a 2) arylnitro rdcodtion0
Et)
35 71 NHR 72 OTBS
(b) 0
Et Et' Et
36 71 73 major product isolated
TMSO ,OTMS or HO, OH
Lewis acids, Dean-Stark apparatus
26 (a) Rondestvedt, C. S., Jr. J. Org. Chem. 1961, 26, 2247. (b) Conrad, W. E.; Gesner, B. D.; Levasseur, L.
A.; Murphy, R. F.; Conrad, H. M. J. Org. Chem. 1961, 26, 3571. (c) Otera, J.; Dan-oh, N.; Nozaki, H.
Tetrahedron 1992, 48, 1449. (d) Bamford, S. J.; Luker, T.; Speckamp, W. N.; Hiemstra, H. Org. Lett. 2000,
2, 1157. (e) Cossy, J.; Bellosta, V.; Ranaivosata, J.-L.; Gille, B. Tetrahedron 2001, 57, 5173. (h) Cramer,
N.; Buchweitz, M.; Laschat, S.; Frey, W.; Baro, A.; Mathieu, D.; Richter, C.; Schwalbe, H. Chem. Eur. J.
2006, 12, 2488. (f) Nilsson, B. L.; Overman, L. E.; Alaniz, J. R.; Rohde, J. M. J. Am. Chem. Soc. 2008,
130, 11297. (g) Altman, R. A.; Nilsson, B. L.; Overman, L. E.; Alaniz, J. R.; Rohde, J. M.; Taupin, V. J.
Org. Chem. 2010, 75, 7519.
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An alternative strategy to achieve a cis-selective Diels-Alder reaction was to
increase the reactivity of the diene instead of dienophile.27 In this way, the reaction would
be able to be performed under a milder condition. Toward this end, synthesis of silyl enol
ether 75 commenced from 2-nitrobenzaldehyde (Scheme 15). A Wittig reaction with 1-
(triphenylphosphoranylidene)propan-2-one gave enone 74,28 which was converted to 75
upon exposure to TBSOTf and Et3N.
Scheme 15. Synthesis of silyl enol ether 75
NO2 1 Me
74 0
TBSOTf, Et3N, rt, quant.
NO2
75 OTBS
Indeed, reaction between 75 and enone 36 proceeded at -78 *C in the presence of
1.0 equiv of BF3*OEt2 to give cis adduct 76 solely (Scheme 16). The relative
configuration of 76 was confirmed by nOe interactions and by conversion to the trans
analogue 77 (Et3N, 100 *C).
Scheme 16. Diels-Alder reaction between silyl enol ether 75 and enone 36
nOe
BF3.OEt 2 (1 equiv)
CH2CI2 , -78 *C
nOe
0 Et
Et3N, 100 *C H H
-H -
NO2 77 OTBS
D. Studies toward Indole Formation
To access an intermediate for the Plieninger indolization, adduct 76 was exposed
to acetalization conditions (using acids and/or Dean-Stark apparatus with ethylene
2 7 (a) Pudukulathan, Z.; Manna, S.; Hwang, S.-W.; Khanapure, S. P.; Lawson, J. A.; FitzGerald, G. A.;
Rokach, J. J. Am. Chem. Soc. 1998, 120, 11953. (b) Inokuchi, T.; Okano, M.; Miyamoto, T.; Madon, H. B.;
Takagi, M. Synlett 2000, 11, 1549. (c) Alonso, D.; Caballero, E.; Medarde, M.; Tomd, F. Tetrahedron Lett.
2005,46,4839.28 AIonso, D.; Caballero, E.; Medarde, M.; Tom6, F. Tetrahedron Lett. 2005,46,4839.
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Ph3 P f
Me
toluene, 91%CHO
NO2
NO2
75 OTBS Et'36
glycol). However, unlike 59, successful protection to access 78 was never achieved
(Scheme 17). Instead, hydrolysis (79) and/or double bond migration (80) were observed,
attesting to the strain present in cis-fised hydrindanone 76.
Scheme 17. Acetalization studies of 76
0 Et C 7)N .. Et O Et 0 Et
H H H H H H
NO2 76 OTBS NO2 78 OTBS NO2 79 0 NO2 80 OTBS
major products isolated
Eventually, diene 81 was designed to potentially construct the indole in a novel
way (Scheme 18). Reaction of 81 with 36 would give 82, which could be exposed to
ozonolysis as before. An added phosphine (in addition to being a reductant for the
ozonide) could react with the azide in 82 to form an iminophosphorane, which would
react with the newly created aldehyde to give indole 83 directly.
Scheme 18. Synthetic plan using azido diene 81
O O Et )O3EOI 1)00
Lewis acid ii) PPh 3  Et
3N OTBS
OTBS Et N3  OTBS H 081 36 82 83
Toward this goal, synthesis of diene 81 commenced as outlined in Scheme 19.
Starting from 2-nitrobenzaldehyde, nucleophilic aromatic substitution using NaN3 was
conducted in NMP instead of HMPA as previously reported to give 84.29 This was
followed by a Masamune-Roush-modified Horner-Wadsworth-Emmons olefination to
give enone 85.3 Conversion to silyl enol ether 81 was accomplished as previously
described.
29 For recent examples, see: (a) Rajeshwaran, G. G.; Mohanakrishnan, A. K. Org. Lett. 2011, 13, 1418. (b)
Stokes, B. J.; Liu, S.; Driver, T. G. J. Am. Chem. Soc. 2011, 133, 4702.
30 Use of diethyl (2-oxopropyl)phosphonate with NaH in THF at 0 *C gave only 37% yield of 75.
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Scheme 19. Synthesis of azido diene 81
0 0
Me l O"'EtNaN3, NMP OEt N TBSOTf, Et3N, 97% NCHO 55 *C, quant.' CHO N
q N H LiCI, DIPEA, CH3CN, 65% N3  Me N3N0 2  N3  C,6 3
84 85 0 81 OTBS
Azido diene 81 was considerably more electron-rich than the nitro analogue 75.
Use of BF 3 *OEt2 for the cycloaddition as before led only to diene hydrolysis (back to 85,
Table 1, entry 1). Use of a water scavenger (4A MS) gave the desired product 82 in only
10% yield (entry 2). The rest of the diene starting material was hydrolyzed. Next, a bulky
amine additive such as 2,6-di-tert-butyl-4-methylpyridine (DTBMP) was used to trap any
trace mineral acid. Use of DTBMP along with BF3 *OEt2 did not result in any reaction
(entry 3). Perhaps BF 3 was small enough to be quenched by the bulky base. Indeed, upon
switching to a bulkier Lewis acid (TBSOTf), 82 was isolated in 71% yield (entry 4). The
best condition found so far was to use a combination of DTBMP and 4A MS, giving 82
in 88% yield on multigram scale (entry 5).
Table 1. Diels-Alder cycloaddition optimization using diene 81
0
N3  Et'
OTBS
81, 1 equiv 36, 2 equiv
Lewis acid
additive
OQ KEt
N3  OTBS
82
entry Lewis acid additive result
1 BF3*OEt2  - diene hydrolysis
2 BF3*OEt2  4 A MS 10% yield +
85
3 BF3*OEt2  DTBMP RSM
4 TBSOTf DTBMP 71% yield
5 TBSOTf DTBMP, 4 A MS 88% yield
We were gratified to find that indole 83 could indeed be obtained directly upon
exposure of 82 to ozone followed by PPh3 for reductive workup (Scheme 20). This
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transformation proceeded in 94% yield, perhaps via an in-situ aza-Wittig reaction through
the intermediacy of iminophosphorane 86. To the best of our knowledge, reaction of an
iminophosphorane with an aldehyde to construct an indole has never been reported. 31
Furthermore, incorporation of this step into a sequence of events following an ozonolytic
bond cleavage enabled a rapid access of indole 83. Purification of 83 from the O=PPh 3
side product could be facilitated if a phosphonium-supported triphenylphosphine reagent
was used, and the product was obtained in an even better yield (99%).32
Scheme 20. An in-situ aza-Wittig reaction to form indole 83
Et 0
i) 03, CH 2CI2, -78 *C .7>Et
ii) PPh3 (3 equiv) N OTBS
N3 OTBS 94% on > 3 g scale H
82 83
via: O Et
NO OTBSPPh386
E. Differentiation of the Diketone
With indole 83 on hand, exposure to Vilsmeier-Haack reagent gave diketone 87
(Scheme 21). This reaction proceeded through the intermediacy of the acyl chloride
derived from 83. The next task in our synthetic sequence was differentiation of the two
ketone moieties in 87 to give a structure such as 88. This would require either a selective
enolization of the alkyl cyclopentanone or a selective reductive amination of the aryl
cyclohexanone (Scheme 21).
Scheme 21. Synthesis and planned elaboration of diketone 87
0
Et (COC) 2, cat. DMF
OTBS CH 2CI2, 0 *C to rt
H 85%H 083
ketone differentiation
87
31 Molina, P.; Vilaplana, J. Synthesis 1994, 1197.
32 Prof. A. B. Charette is thanked for the gift of this salt:
Angew. Chem. Int. Ed. 2006,45, 1415.
Poupon, J.-C.; Boezio, A. A.; Charette, A. B.
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R3SiO
88 NHR'
Diketone 87 was subjected to a NaBH4 reduction in MeOH to explore the relative
electrophilicities of the two ketone moieties. Under this condition, cyclopentanol 89
would form first, followed by diol 90 (Scheme 22). While C17 cyclopentanone was
reduced as a mixture of diastereomers, reduction of C3 cyclohexanone gave only a single
diastereomer. Diol 90 displayed very strong nOe interactions (C3 and C16, C16 and
C17), thus confirming that reduction at C3 proceeded with the desired stereoselectivity.
Scheme 22. Reactivity of diketone 87 toward NaBH4
nOe
0 HO ca. 2:1 dr HO H
:>117 1
Et NaBH4, MeOH, O *C Et H 17 Et
3 + ~ E
N 3 N N >95:5 drH 0 0 nOe H H OH87 89 9
It was found that performing the NaBH4 reduction in THF instead of MeOH
allowed for exclusive reduction of the cyclopentanone moiety. A scalable approach to
access an intermediate such as 88 is shown in Scheme 23 . Cyclopentanone reduction
was followed by TMS ether formation to give 91. Separation of the C17 diastereomers
was usually carried out at this stage. Next, reductive amination proceeded smoothly using
an NH3 solution in EtOH and NaBH4 . 34 Bis-Boc protection of the crude amine
intermediate gave 92. After silyl removal, oxidation with Dess-Martin periodinane gave
ketone 93 in 92% yield. This was then treated with excess LDA to effect a kinetic
deprotonation, followed by TBSCl quench to give silyl enol ether 94.
31 Selective reductive amination studies of the C3 cyclohexanone of 87 utilizing acid promoters (such as
AcOH, BF 3 -OEt 2 , or Ti(Oi-Pr)4) were met with failures.
34 Shi, J.; Manolikakes, G.; Yeh, C.-H.; Guerrero, C. A.; Shenvi, R. A.; Shigehisa, H.; Baran, P. S. J. Am.
Chem. Soc. 2011, 133, 8014.
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Scheme 23. Approach to silyl enol ether 94
0 RO 17 R1) (i) NH3 in EtOH, Ti(O-,Pr)4, reflux HEt NaBH4, THF, rt ./ Et (ii) NaBH 4  Et
60%, 1 resubjection 2) Boc2O, DMAP, CH3CN H
N - N RI = OTMS, R2 =H,91% NH H Boc
0 8 H 0 RI= H, R2 =OTMS, 93% 92 NHBoc
87 89 R =H ITMSCI, imid, 9
91 R = TMS CH2CI2, rt, 71%
TBSO
1) TBAF, THF, rt, 94% Et i) LDA (4 equiv), -78 "C Et
2) Dess-Martin Periodinane ii) TBSCI, HMPA, -78 *C
NaHCO 3, CH2CI2, 0 *C to rt C N . 95% N
92% Boc Boc NHBoc93 NHBoc 94 Ho
Though the sequence depicted above could provide a reliable supply of 94, an
alternative to the route was sought to avoid the low-yielding reduction step and the
numerous functional group manipulations. Toward this end, possibility of a selective silyl
enol ether formation of the cyclopentanone moiety was explored. The first transformation
studied was reaction of 87 under a soft enolization condition (TBSOTf and Et3N, Scheme
24). However, the two products obtained were conjugated diene 95 and silyl indole 96.
Scheme 24. Reactivity of diketone 87 toward a soft enolization condition
0 0 0
TBSOTf, Et3N
Et Et 20, -78*C . Et Et
CNCN CN.
H OTBS TBS OTBS
87 95 96
Next, 87 was treated with an excess of a strong base such as LDA, followed by a
silyl quench (Scheme 25). Under the optimized reaction condition, 4.0 equiv of LDA was
used, followed by quenching with 2.0 equiv of TBSCL. Gratifyingly, the only products
observed were the bis-silyl enol ether 97 and the desired silyl enol ether 98 in typically a
2:1-1:1 ratio. Upon exposure of this mixture to unbuffered silica column
chromatography, selective hydrolysis of the undesired silyl enol ether moiety occurred to
give 98 exclusively in high yield, even on gram-scale operation (Scheme 25). Exposure
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of 98 to a reductive amination condition as before gave 94 directly in an equally good
yield, allowing a much more concise access to this intermediate.
Scheme 25. A more concise route to 94 from 87
0 TBSO TBSO
i) LDA (4 equiv)
ii) TBSCI (2 equiv) . t.
H HMPA, -78 -C Ui)C N H
87 H OTBS 08797 98
SiO 2 chromatography 84% overall
1) (i) NH3 in EtOH, Ti(0-Pr)4 , reflux(ii) NaBH 42) Boc2O, DMAP, CH3CN, quant.
TBSO
Et
Boc NHBoc94
The next step in the synthetic sequence was oxidative cleavage of the silyl enol
ether moiety to construct the enecarbamate D-ring of 1. Preliminary studies using
ozonolytic conditions gave only decomposition. This could be caused by ozonolytic
cleavage of the Boc-protected indole.3 5 A one-pot Lemieux-Johnson or Mo-catalyzed
conditions were not found to be promising either.36 Eventually, a stepwise approach was
used, whereby dihydroxylation gave acetal 99 (unstable to purification)." This was
followed by a diol cleavage condition utilizing NaIO4 adsorbed on silica.3 8 In this way,
amino aldehyde 100 could be isolated simply by filtration. It was usually carried directly
to the cyclization step, which could be conducted using either PPTS or anhydrous TFA
(50 mol%) at rt in CH 2Cl 2. Bis-Boc tetracyclic acid 101 was isolated in 63% yield over
four steps, along with 15% yield of the TBS ester intermediate 102 (Scheme 26). From
101, selective removal of the indole protecting group could be carried out using NaOEt in
" Stewart, S. G.; Ghisalberti, E. L.; Skelton, B. W.; Heath, C. H. Org. Biomol. Chem. 2010, 8, 3563.
36 Previous use of Lemieux-Johnson conditions on similar systems: (a) Miller, K. A.; Martin, S. F. Org.
Lett. 2007, 9, 1113. (b) Miller, K. A.; Shanahan, C. S.; Martin, S. F. Tetrahedron 2008, 64, 6884. Mo-
catalyzed condition: (c) Kaneda, K.; Kii, N.; Jitsukawa, K.; Teranishi, S. Tetrahedron Lett. 1981, 22, 2595.
37 Karadeolian, A.; Kerr, M. A. J. Org. Chem. 2010, 75, 6830.3 Zhong, Y.-L.; Shing, T. K. M. J. Org. Chem. 1997, 62, 2622.
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EtOH to give indole 103 in 95% yield. Thermolysis or NaOMe were found to give no
desired product.39
Scheme 26. Construction of tetracycle 103
TBSO TBSO OH OH TBSO 0 CHO
NalO 4 on
%Et cat. OsO4, NMO .EtSio2 t
CH 3SO2NH2  CH2C2
THF/H20/acetone N BocBoc 0 C to rt Boc NHBocNHBoc NHBoc
87 199 100
PPTS
CH2CI2, rt
TBSOH
BocN - H NaOEt, HN -- H
~H EtCHH
C H Brt, 95% acCN OBocN 
---- Et BoN 
-- Et
1'01, 63% +
102, TBS ester (not shown), 15%
103
F. Indole Alkylation Studies Part 1: from the ABCD Tetracycle
Following our original synthetic proposal (Scheme 5), efforts were undertaken to
construct an anhydride such as 28. We planned to access this intermediate via an
intramolecular indole alkylation of anhydride 104, which would also form the C7
quaternary stereocenter and the indolenine moiety (Scheme 27). Addition of the
enecarbamate moiety of 105 to the cyclic anhydride should give ketone 27, reduction of
which would complete the cage structure of 1.40
39 For use of thermolysis, see: (a) Rawal, V. H.; Cava, M. P. Tetrahedron Lett. 1985, 26, 6141. (b) Govek,
S. P.; Overman, L. E. Tetrahedron 2007, 63, 8499. For use of methoxide: (c) Kline, T. J. Heterocyclic
Chem. 1985,22,505.
4 (a) Nakata, T.; Tanaka, T.; Oishi, T. Tetrahedron Lett. 1983, 24, 2653. (b) Fujisawa, T.; Kohama, H.;
Tajima, K.; Sato, T. Tetrahderon Lett. 1984, 25, 5155. (c) Kathawala, F. G.; Prager, B.; Prasad, K.; Repic,
0.; Shapiro, M. J.; Stabler, R. S.; Widler, L. Helv. Chim. Act. 1986, 69, 803. (d) Pikul, S.; Raczko, J.;
Ankner, K.; Jurczak, J. J. Am. Chem. Soc. 1987, 109, 3981.
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Scheme 27. Synthetic plan from anhydride 104
HN N enamine addiion0.. indole alkylation L 0 to ketone
O r - Br -------- - - 7.. O -___-ok--o-n------ 
0 0 0L]
BocN Et BocN Et
104 105 O
N
C0 2H
N EtEt
27
-ketone-reduction
Studies toward the synthesis of mixed anhydride 104 were undertaken from
tetracycles 101 and 103 (Table 2). Using 101 as the nucleophile and bromoacetyl chloride
as the electrophile, we saw either no reactivity (entries 1 and 2) or decomposition when a
harsher condition was employed (entry 3).
Table 2. Reaction of 101 with bromoacetyl chloride
BocN 0 Boc
CO2H Cl Br
BocN Et conditions Boc
101
entry conditions and reagents
1 p r rt CH ClI.
O~^Br
0JO0
cN Et
108
result
RS~My , 2 2
2 pyr, reflux, CH 2Cl2  RSM
3 pyr, neat, rt decomp.
Next, we decided to use acid chloride 107 derived from 101 as the electrophile for
incorporation of the two-carbon fragment (Table 3 (a)). Toward this goal, 101 was treated
with oxalyl chloride and DMF to generate the Vilsmeier-Haack reagent in-situ to give
107 (not isolated). Gratifyingly, the enecarbamate moiety was not formylated under this
reaction condition. 41 However, reaction of 107 with bromoacetic acid had yet
successfully provided 106. In all cases, only hydrolysis and/or recovered starting material
were observed.
Similarly, reaction of acyl chloride 108 (derived from 103) with bromoacetic acid
in the presence of pyridine gave only hydrolysis (Table 3 (b), entry 1). If crude 108 was
treated with AgOTf at -78 *C prior to addition of sodium bromoacetate (to potentially
" Reichardt, C.; Schagerer, K. Angew. Chem. Int. Ed. 1973, 12, 323.
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form the trifluoromethanesulfonic-carboxylic anhydride), . starting material 108 was
recovered. Doing the same transformation at rt gave decomposition (entry 3).
Table 3. Studies of mixed anhydride formation
(a) P,
(COCI) 2, cat. DMF BocN -CBocN 0 C tort O ClI
C02H
BocN BocN - Et
101 107, not isolated
0
Br
conditions
BocN
OO Br0 0
BocN - Et
106
entry conditions and reagents result
1 pyr, rt, CH2C 2  hydrolysis to 101
2 DTBMP, rt, CH2CI2  RSM 107
3 DTBMP, reflux, CH2 CI2 101 and 107
(b)
HN
CO2H
BocN -- Et
103
(COCl)2 , cat. DMF0 *C tort Cl
0
BocN 
- Et
108, not isolated
conditions HNO B
0 0
BocN 
- E
104
entry conditions and reagents result
0
1 HO Br pyr, rt, DCE hydrolysis to 103
i) AgOTf, -78 *C, CH2CI2
2 O RSM 108
ii) NaO) Br -78 *C to rt
i) AgOTf, rt, CH2CI2
3 0 decomp.
ii) NaO Bri
The next strategy explored was the use of ester 109 for the indole alkylation study
(Scheme 28). From this intermediate, alkylation could be followed by lactone (110)
42 Effenberger, F.; Epple, G. Angew. Chem. Int. Ed. 1972, 11, 299.
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hydrolysis to an alcohol, which could be oxidized to give 111. This intermediate is very
similar to 25, the proposed biogenetic precursor of 1 (Scheme 5).
Scheme 28. Synthetic plan from ester 109
_ -- -- Boc deprotection and
HN indole N \\ ester hydrolysis N \ aldol-lactonization
r -alkylation o and oxidation ' C02H ------ cascade
BocN E BocN Et BocN Et
109 110 111
Ester 109 could be accessed by treating 108 with bromoethanol and pyridine
(Table 4). Typically, partial epimerization of the C16 stereocenter was observed (ca. 3:1
dr, minor diastereomer was separable).4 3
Alkylation studies were' initiated with K2 CO3 in CH3CN (Table 4, entry 1).44
Under this condition, no reaction was observed. Addition of AgOTf to this reaction gave
hydrolysis product 112 (entry 2). Use of t-BuOK in THF gave only the epimerized ester
113 (entry 3).45 Use of AgOTf along with Et3N gave 113 and lactone 114 (resulting from
loss of C16 proton, entry 4):46 Use of a weaker amine base (pyridine, entry 5) led to
hydrolysis product 112. Finally, deprotonation of 109 using NaH at low temperature
followed by treatment of the anion with AgOTf led to 113 and 114 (entry 6). Formations
of 113 and 114 prior to indole alkylation were unexpected given the higher acidity of the
indole compared to the ester group.
* Configuration of the two diastereomers was assigned based on 'H NMR shift of the C16 proton, based on
ref. 12. Use of weaker base such as 2-Clpyr led to less epimerization, however yield of 109 was decreased.
"4Johansen, J. E.; Christle, B. D.; Rapoport, H. J. Org. Chem. 1981,46,4914.
4 Kozmin, S. A.; Rawal, V. J. Am. Chem. Soc. 1998,120,13523.
* Configuration of the C16 stereocenter of lactone 114 was not determined.
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Table 4. Synthesis and alkylation studies of ester 109
HN - HO HN - 16 conditions
Cl ----- Br ---------------
pyr, CH2CI2, rt 0BocN -' EO 75%,3:1dratC16 BocN Et
108not ilEt 1
108, not isolated 109
N 
O
0
BocN Et
110
entry conditions result
1 K2CO3, CH3CN, reflux RSM
2 K2CO 3 (6.6 equiv), AgOTf HN(10 equiv), CH3CN, reflux 0
BocN 
- Et 112
0
3 t-BuOK, THF, rt HN - O Br
BocN 
- Et 113
- 0
4 Et3N (4 equiv), AgOTf (2 0H - Br + H
equiv), THF, rt to reflux
BocN - Et 113 BocN - Et 114
5 pyr (4 equiv), AgOTf (2 equiv), HN
THF, rt to reflux 0
BocN 
-- Et 112
6 i) NaH (3 equiv), THF, 0 *C, 30 min 113 + 114
ii) AgOTf (2.5 equiv), THF, 0 *C to reflux
Next, we turned to an intramolecular indole allylation strategy to potentially set
the C7 quaternary stereocenter (Scheme 29). From ester 115, allylation was expected to
give 117, which could undergo alkene oxidative cleavage to give 111.47 Allylation would
proceed with the desired stereoselectivity if the electrostatic interaction between the
carboxylate group and the it-allyl species formed upon initial ionization were preserved
(116).
4 For precedence for selective oxidative cleavage of an alpha olefin in the presence of an enecarbamate,
see: Liu, P.; Wang, J.; Zhang, J.; Qiu, F. G. Org. Lett. 2011, 13, 6426.
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Scheme 29. Intramolecular indole allylation approach
.- - Boc deprotection and
HN - I HN C N 'k7\ alkene N \\ aldol4actonization
,0'7 CO2H ceaae CO2H ...... sca .
0 0,'Pd®D
BocN BocN - BocN BocN tO
115 - 116 117 111
Ester 115 could be obtained upon reacting 108 with allyl alcohol in the presence
of pyridine (Table 5). Allylation studies were started using Pd2 (dba)3 *CHC 3 and PPh3 as
the catalytic system, which led to no reaction (entry 1).48 Upon refluxing in DCE for a
prolonged reaction time, reaction with the solvent was observed to give partial
conversion to 118 (entry 2). This result might show that the n-allyl species was formed
under this condition, though no indole allylation was observed. If a non-electrophilic
solvent (THF) was used and the reaction run at a comparable temperature, only starting
material was observed (entry 3). Using [PdCl(allyl)] 2, dppe and Li 2CO3 as a base in DCE,
only starting material was returned (entry 4). According to the report where this condition
was used, use of a low-coordinating solvent should favor formation of the C-allylated
product (as opposed to the N-allylated one), due to the formation of a contact indolyl-
metal ion pair. 49 Next, we switched to a more active catalytic system using
[Mo(CO)4Br 2]2 in CH2 Cl 2 (entry 5), which has successfully been used with allyl ester
precursors.50 Still, we observed no reactivity in this case. Lastly, a highly active catalyst
system reported recent by Rawal et al. for indole benzylation was tried for this system
(entry 6. BSA: bis(trimethylsilyl)acetamide). 5 1 Acid 103 was isolated as the product,
which could arise either by formation of the n-allyl species or hydrolysis.
48 Liu, P.; Wang, J.; Zhang, J.; Qiu, F. G. Org. Lett. 2011, 13, 6426.
49 Bandini, M.; Melloni, A.; Umani-Ronchi, A. Org. Lett. 2004,6, 3199.
*4(a) Cotton, F. A.; McCleverty, J. A.; White, J. E. Inorg. Synth. 1990, 28, 45. (b) Malkov, A. V.;
Baxendale, I. R.; Dvofik, D.; Mansfield, D. F. Konovskf, P. J. Org. Chem. 1999, 64, 2737. (c) Malkov, A.
V.; Davis, S. L.; Baxendale, I. R.; Mitchell, W. L.; Konovskf, P. J. Org. Chem. 1999,64,2751.
5 1 Zhu, Y.; Rawal, V. J. Am. Chem. Soc. 2012,134, 111.
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Table 5. Results of intramolecular indole allylation studies
H-N H 1) (COCl)2, cat. DMF
H 0 *C to rt HN -conditions
'CO2H 2) ' OH O
BocN Et pyr, CH2CI2, rt, 60% BocN --
103 115
N
CO2H
BocN *, Et
117
entry conditions result
1 Pd 2(dba)3CHCl3 , PPh 3  RSM
CH2CI2, rt to reflux
2 Pd2 (dba)3CHCl3 , PPh3  RSM + H --- O ClDCE, reflux H
BocN 
- Et 118
3 Pd 2(dba) 3CHCl 3, PPh3  RSM
THF, 85 *C (schlenk)
4 [PdCI(aIIyI)1 2, dppe, Li2CO 3  RSM
DCE, 40 *C to reflux
5 [Mo(CO) 4Br2]2, CH2CI2  RSM
rt to reflux
6- [Pd(aIlyI)(cod)]BF 4 , DPEphos, HN - OH
BSA, BEt3, tol, 50 *C to reflux 0BocN 
- Et 103
Next, we attempted and intermolecular allylation approach (Table 6). Though
steric arguments would disfavor allylation from the concave face of 103 to give 117,
stereoelectronic factors seem to favor formation of this intermediate. Allylation from the
desired (concave) face of the indole would go through a transition state with a chair
conformation (Table 6). Allylation from the undesired (convex) face of 103 would go
through a transition state with a boat configuration.
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Table 6. Intermolecular indole alkylation approach
HN OH
3Et
103
0
RO O
-- d---------*
Pdo
N
CO2H
BocN
117
via: desired face
Et
B o c N C 0 2
C2H
H
10H
103
entry conditions result
1 Pd 2(dba)3CHCl3, PPh3, allyl methyl
carbonate (1.8 equiv), CH2Cl2, rt to
reflux HN --
O
BocN 
-Et 115
2 (i) LHMDS (2 equiv), THF rt ell(ii) Pd 2(dba)3CHCl3 , PPh3, allyl
methyl carbonate (2 equiv), THF, rt HN + N
BocN Et 115 BocN Et 119
3 (i) LHMDS (2 equiv), THF, rt, then solvent
exchange to CH2Cl2 115+119(ii) Pd 2(dba)3CHCl3 , PPh 3, allyl methyl
carbonate (2 equiv), CH 2Cl2 , rt
When 103 was exposed to the catalytic system as before (Pd2(dba)3 and PPh3 in
CH 2CI2),5 2 the carboxyl group was allylated first to give 115 (entry 1). Further heating of
the reaction mixture did not give any new product. The only case where we finally
observed reactivity of the indole was when 103 was pretreated with excess LHMDS
before exposure to an allyl source. In this case, 115 was isolated as before, along with
bis-allylated product 119 (resulting from reaction at N). If the allylation step of the
dianion was carried out in a low-coordinating solvent (CH 2Cl 2),5 3 still 119 was isolated as
the only product resulting from reaction of the indole. Absence of either diastereomer
arising from indole C-allylation could be interpreted as follows: allylation from the
convex face of 103 was stereoelectronically disfavored, whereas allylation from the
concave face of 103 was sterically disfavored.
As one of our last approaches toward intramolecular alkylation from this
tetracyclic framework, thioacetal ester 120 was constructed via reaction of acid chloride
52 Liu, P.; Wang, J.; Zhang, J.; Qiu, F. G. Org. Lett. 2011, 13, 6426.
5 Bandini, M.; Melloni, A.; Umani-Ronchi, A. Org. Lett. 2004,6,3199.
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108 with 2,2-bis(ethylthio)ethanol (Scheme 30).54 Upon exposure of this substrate to
dimethyl(methylthio)sulfonium tetrafluoroborate (DMTSF), a thionium ion intermediate
was expected to form, hence creating a reactive electrophile. However, only
decomposition was observed under this condition. The desired product 121 was never
observed.
Scheme 30. Approach using dithioacetal ester 120 and DMTS.
Me, B 
NSl~t I BF4  IHN --'' oMe®' Me O
SEt decomposition Et--..
BocN--- Et BocN -/ Et
120 121 not observed
Free rotation along the C16-C17 bond might explain why this intramolecular
indole alkylation was found to be challenging (Figure 5).56 Using Molecular Mechanics
(theory level) and MMFF basis set, generation of a conformer library of tetracycle 122 (a
model for the intramolecular alkylation substrates used so far) showed that the conformer
with the ester group pointing toward the half-cage structure (conformer b) to be 8
kcal/mol higher in energy than the ground state conformer a (Erei = 0 kcal/mol). Hence,
conformer c (reactive conformer for the intramolecular alkylation) was expected to be
even higher in energy and hence might be inaccessible under the conditions used.
Figure 5. Relative energies of different conformers of tetracycle 122
HN 1 170 Me HN - HN -
BocN ------ BocN BocN -
122a, ground 122b, 8 kcal/mol Me M
state conformer higher in energy 122c
proposed reactive conformer
- (a) Mates, G. S.; Ramaswamy, S. Can. J. Chem. 1983, 61, 2466. (b) Nakane, M.; Hutchinson, C. R. J.
Org. Chem. 1978, 43, 3922.
55 (a) Trost, B. M.; Murayama, E. J. Am. Chem. Soc. 1981, 103,6529. (b) Helmkamp, G. K.; Cassey, H. N.;
Olsen, B. A.; Pettitt, D. J. J. Org. Chem. 1965, 30, 933. (c) Smallcombe, S. H.; Caserio, M. C. J. Am.
Chem. Soc. 1971, 93, 5826. For recent applications in syntheses: (d) Trost, B. M.; Bums, A. C.; Bartlett, M.
J.; Tautz, T.; Weiss, A. H. J. Am. Chem. Soc. 2012, 134, 1474. (e) Martin, C. L.; Nakamura, S.; Otte, R.;
Overman, L. E. Org. Lett. 2011, 13, 138.
* Spartan 2010; Wavefunction, Inc: Irvine, CA.
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G. Indole Alkylation Studies Part 2
Hence, a solution to potentially circumvent this obstacle was to install the C7
quaternary center earlier in the synthetic sequence, before the half-cage structure was
formed. Tetracycle 124 was thought to be a suitable candidate for this approach (Scheme
31). Alkylation of 124 would give pentacycle 125, oxidative cleavage and cyclization of
which would give 105.
Scheme 31. Synthetic plan from 124
0 CIN r 0  0~
0)[0
Et Et alkylation 1)[0] N0
Nt HEtt0N.~~r
H) H H0
-- H Et Boc Et
NHBoc NHBoc NHBoc 0
123 124 125 105
Modeling studies indeed suggested that the reactive conformer of 124 (modeled
through the acetate derivative 126)57 was much lower in energy compared to 122 (Figure
6).58 Conformer library of 126 (generated using Molecular Mechanics MMFF basis set)
showed that the conformation in which alkylation could occur was 2.4 kcal/mol higher in
E than the ground state conformer.
5 Modeling performed with 124 failed to converge.
58 Spartan 2010; Wavefunction, Inc: Irvine, CA.
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Figure 6. Proposed reactive conformer of 126
HO - Et
/ \ H --.. H
N
H H
HN 0
126 O Me
Me
Me 2.4 kcal/mol higher in
energy than the ground
state conformer of 126
To this end, 124 was accessed from 98 as shown in Scheme 32: a reductive
amination followed by mono-Boc protection gave 127, which was desilylated using
buffered TBAF at low temperature to give 123.59 Treatment of 123 with LDA and
chloroacetyl chloride gave 124 in 12% yield at 50% conversion (product was isolated
impure).
Scheme 32. Access to 124 from
TBSO
.Et
N E
H 
0
98
0
Et
H NHBoc
123
98
i) NH3 in EtOH,
Ti(O-iPr)4, reflux
ii) NaBH 4
iii) Boc 20, CH3CN
72%
i) LDA
ii) 0
C1 11CI
<12% at 50%
conversion
TBSO
TBAF, AcOH
E t OC, 78%
H
NHBoc
127
0 
- Et
H NHBoc
124
Alkylation studies of 124 were shown in Table 7. Initially, AgOTf was used in
conjunction with pyr to activate the C-Cl bond (entry 1). However, only starting material
5 A carbazole side product was observed if TBAF at rt was used for this transformation (128, vide infra).
266
was recovered. If a base such as t-BuOK was used, ketone 123 was recovered along with
carbazole 128. 123 could arise from initial deprotonation of the chloroacetyl ester group
of 124. Carbazole 128 could then arise from 123 upon exposure to base, leading to loss of
the C16 proton and the amino group.
Table 7. Indole alkylation studies using enol acetate 123 to access pentacycle 125
CI \rO O 1 0'
O Et conditions
N
HN -- - -- --H H Et
124 NHBoc 125 NHBoc
entry conditions result
1 AgOTf, pyr, THF, rt to reflux RSM
t-BuOK, THF, it Et +N Et
H~o H
123 IHBoc 128
3 Nal, MeCN, rt to 90 *C 36h RSM (major) + 128 (minor)
(Schienk)
4 Zn(OTf)2 , DIPEA, TBA, tol, rt to 90 *C 128
Next, we resorted to neutral conditions to effect this alkylation. Use of Nal (with
the hope of effecting an in-situ Finkelstein reaction) led only to recovered starting
material. Upon heating to a higher temperature, hydrolysis to 123 was again observed
(entry 3). Finally, using a combination of Zn(OTf)2, DIPEA, and TBAI, carbazole 128
was the only product isolated. TBAI was used as an additive to encourage an SNI -like
pathway in the reaction. 60 The propensity of 124 to hydrolyze to 123, combined with the
low-yielding access to this intermediate, prompted us to propose 130 instead as a new
indole alkylation substrate (Scheme 33). This substrate has the same tetracyclic
framework and would be more straightforward to access than 124. Reduction of 123 with
NaBH 4 gave 129 as a mixture of C17 diastereomers. After separation, the desired
diastereomer was acylated to give 130.
60 Zhu, X.; Ganesan, A. J. Org. Chem. 2002,67,2705.
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Scheme 33. Access to 130 from 123
0
OO0 HO0, Br Br OBr 
NaBH4, MeOH' , EtsN, DMAP, CH2Cl2OH
Et 0 *C Et 3 35% RSM Et
H H
N N .H N .H
H H HNHBoc NHBoc NHBoc
123 129, 54% + C17epimer, 46% 130
Upon building a conformer library of 130 (using Molecular Mechanics MMFF
basis set),61 it was found that the ground state conformer of 130 (shown in Figure 6)
might allow intramolecular indole alkylation to proceed.
Figure 6. Ground state conformer of 130
H
Et
-6 H
N'
HBr H
HN
130 0
>CMe
Me Me
Exposure of 130 to metal triflates (either AgOTf or Zn(OTf)2) with or without a
base additive returned either complex mixtures or recovered starting material (typically
enriched in the minor diastereomer, present in the starting material as an impurity, Table
8 entries I through 3). The use of Cs 2 CO3 in MeCN/THF also gave a complex mixture. 62
If NaBH 4 was used as a reductant in a second step (to avoid isolation of the potentially
unstable indolenine product 131), the only decipherable product was the C17 epimer of
129, resulting from ester hydrolysis of the diastereomeric impurity present in the starting
6" Spartan 2010; Wavefunction, Inc: Irvine, CA.
62 Iwasaki, K.; Kanno, R.; Morimoto, T.; Yamashita, T.; Yokoshima, S.; Fukuyama, T. Angew. Chem. Int.
Ed. 2012, 51, 9160.
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material (in 6% yield, entry 4). Use of DBU gave the base-alkylated product 132 (entry
5). Use of tert-butylimino-tri(pyrrolidino)-phosphorane (BTPP) might prove useful, as
bases in this class usually give less alkylation products compared to DBU.6 3
Table 8. Indole alkylation studies utilizing ester 130 to access pentacycle 131
Br 0
O o'Et conditions .
N-
H z H EtNHBoc NHBoc
130, 5:1 dr 131
entry conditions result
1 AgOTf, THF, it to 45 *C complex mixture
2 AgOTf, Et3N, tol, rt to 40 *C complex mixture + RSM
3 Zn(OTf) 2, DIPEA, TBAI, tol, rt to 35 *C RSM majority
6 Cs2CO3, MeCN/THF, rt to 50 *C complex mixture
HO
4 i) AgOTf, Et3N, to[, rt to 45 *C complex mixture + HO major product
ii) NaBH 4, MeOH, rt isolated, 6%
5 DBU, MeCN, rt N ".
Et
H NHBoc
132
A potentially milder way to form the C6-C7 bond would be to use an oxidative
enolate coupling approach (Scheme 34)." This could be achieved using acetate
derivatives such as 133 or 134, which could be made analogously as 124 or 130.
Exposure to an excess of a base at low temperature would generate the dianion, oxidation
of which with Fe(III) or Cu(II) salts would generate a diradical intermediate to effect a
63 (a) Schwesinger, R.; Willaredt, J.; Schlemper, H.; Keller, M.; Schmitt, D.; Fritz, H. Chem. Ber. 1994,
127,2435. (b) Adams, G. L.; Carroll, P. J.; Smith, A. B. J. Am. Chem. Soc. 2012,134,4037.
" (a) Baran, P. S.; Richter, J. J. Am. Chem. Soc. 2004, 126, 7450. (b) Baran, P. S.; Richter, J. J. Am. Chem.
Soc. 2005, 127, 15394. (c) Baran, P. S.; DeMartino, M. P. Angew. Chem. Int. Ed. 2006, 45, 7083. (d)
Richter, J. M.; Whitefield, B. W.; Maimone, T. J.; Lin, D. W.; Castroviejo, M. P.; Baran, P. S. J. Am.
Chem. Soc. 2007, 129, 12857. (e) Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007,446, 404.
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coupling, giving 125 or 131. This transformation has been used in intramolecular fashion
to construct complex natural products. 65
Scheme 34. An alternative approach to form the C6-C7 bond
H3C0
// i) LHMDS O
Et ii) Fe(Ill) or Cu(II) cat.[ . _ _ __-- - - - - - - - N
H H Et
133 NHBoc 125 NHBoc
H3C \0
i) LHMDS 1
OEt ii) Fe(III) or Cu(II) cat.
H H Et
134 NHBoc 131 NHBoc
Another possible strategy to access 1 would be to start from an enone such as 135
(Scheme 35). In this case, the primary alcohol would serve the same purpose as the Et
substituent in the Diels-Alder reaction. Keeping the same sequence of reactions as
described before should give tricycle 136. Cyclic enamine formation (137) could be
followed by deprotection and alkylation with an Et source (which should proceed from
the outside of the half-cage structure) to give 138. This tetracyclic system is very similar
to one previously accessed by Smith, et al., en route to their synthesis of 1. Formation of
the C20 quaternary stereocenter earlier in the synthetic sequence would give a more rigid
framework to facilitate the intramolecular indole alkylation.
65 Baran, P. S.; Guerrero, C. A.; Ambhaikar, N. B.; Hafensteiner, B. D. Angew. Chem. Int. Ed. 2005, 44,
606.
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Scheme 35. An alternative end-game to 1
HO O
O CHO cyclic enamine -
R ---- - .L OR formation R1-N CO2H
I'4N3 I
OTBS j1 NHR 2  R2 -
135 81 136 137
enamine deprotection;
Et-X R-N -----
----------- 
------ + 1- N CO2H _,- 1
OR
N Et
138
H. Conclusion
In conclusion, we have developed a concise route toward the monoterpene indole
alkaloid (+)-Scholarisine A (1). During the course of this study, we have developed a cis-
selective Diels-Alder cycloaddition reaction to construct strained 5,6-fused hydrindanone
ring systems (76 and 82, Scheme 16 and Table 1, respectively). Adduct 82 was a
substrate for a novel indole formation via an aza-Wittig reaction, giving 83 in a single
step (Scheme 20). Upon exposure of 83 to Vilsmeier-Haack reagent, tetracyclic diketone
87 was obtained. This was subjected to a selective enolization and silyl enol ether
hydrolysis sequence to give 98, which could undergo reductive amination to give 94
(Scheme 25) or 127 (Scheme 32). Installation of the C7 quaternary stereocenter and
indolenine formation from tetracyclic derivatives of 103 or 123 has yet to be proven
fruitful. Nevertheless, use of an alternative enone such as 135, along with the
transformations developed along the route, might provide an alternative access to 1.
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I. Experimental Section
General Experimental Methods: Unless otherwise noted, all reactions were performed
under an oxygen-free atmosphere of argon with rigid exclusion of moisture from reagents
and glassware. Teflon stir bars were oven or flame-dried prior to use. Except where
noted, all solvents and triethylamine used in the reactions were purified via an SG Water
USA solvent column system. 4A MS were activated by flame drying under high vacuum
three times (with cooling in between) immediately before use. BF3-OEt2 and TBSOTf
used in the Diels-Alder reactions were distilled from CaH2 before use. DTBMP (2,6-di-
tert-butyl-4-methylpyridine) was purchased from OChem Incorporation and was used
without further purification. HN(i-Pr) 2, HMPA, and Ti(Oi-Pr)4 were distilled from CaH 2
before use. Dess-Martin Periodinane and anhydrous N-methylpyrrolidone (NMP) were
purchased from Aldrich and were used without further purification. 2M NH3 solution in
EtOH was purchased from Aldrich chemical company and was used without further
purification. EtOH was distilled from 4A MS before use. LiCl was dried in an oven (150
*C) overnight and cooled under vacuum before use. Tetrapropylammonium perruthenate
(TPAP) was purchased from Stremchemical company and kept in a desiccator in a 2-8
*C fridge. Chloroacetyl chloride was distilled from P2 05 before use. Bromoacetyl
bromide was purchased from Aldrich chemical company and was used without further
purification. NaIO 4 adsorbed on Si0 2 was made as follows: 2.57 g of NaIO 4 was
dissolved in 5 mL of H2 0 at 70-80 *C. It was then poured into 10.0 g of silica. The
resulting mixture was stirred well for 30 min until homogenous.3 3
Analytical thin layer chromatography was performed using EM Science silica gel
60 F2 54 plates. The developed chromatogram was analyzed by UV lamp (254 nm) and
Ceric Ammonium Molybdate (CAM) or p-anisaldehyde stain. Liquid chromatography
was performed using flash chromatography of the indicated solvent system on Silicycle
Silica Gel (230-400 mesh). 'H and 3 C NMR spectra were recorded on a Varian Inova-
500 MHz spectrometer or Bruker AVANCE-600 MHz spectrometer in CDC13 or C6D6 .
Chemical shifts in 'H NMR spectra are reported in part per million (ppm) on the b scale
from an internal standard of residual CHC13 in CDC 3 (7.27 ppm), residual CHD 2CN in
CD3CN (1.94 ppm), or residual C6HD5 in C6D6 (7.16 ppm). Data are reported as follows:
chemical shift, multiplicity (app = apparent, br = broad, s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet), coupling constant in hertz (Hz), and integration.
Chemical shifts of 13 C NMR spectra are reported in ppm from the central peak of CDC13
(77.23 ppm) or CD 3CN (118.69 and 1.39 ppm) on the 8 scale. Infrared (IR) spectra were
recorded on a Perkin-Elmer 2000 FT-IR. High resolution mass spectra (HRMS) were
obtained on a Bruker Daltonics APEXIV 4.7 Tesla Fourier Transform Ion Cyclotron
Resonanace Mass Spectrometer by Li Li of the Massachusetts Institute of Technology
Department of Chemistry Instrumentation Facility. Optical rotations were measured on a
Jasco Model 1010 polarimeter at 589 nm.
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1) HCI, NaNO2  KOH, MeOH
NO 2  2) CuCl2, NaOAc NO 65% 3 steps NO 2  /
57 Cl35
Ground 2-nitroaniline (691 mg, 5.00 mmol, 100 mol %) was suspended in H20(10 mL) and HCl (12 M, 1.20 mL, 14.4 mmol, 300 mol %) at 0 *C. To this was added a
solution of NaNO 2 (345 mg, 5.00 mmol, 100 mol %) in 6 mL of H2 0 at 0 *C over 20 min.
The mixture was stirred at 0 *C for another 10 min. The diazonium quench solution was
made by mixing together condensed butadiene (5.90 mL, 68.0 mmol, 1360 mol %),
acetone (49 mL), aq. NaOAc solution (3.95 g in 5 mL H20, 48.2 mmol, 960 mol %), and
aq. CuCl2 solution (1.88 g of CuCl2* H 20 in 2.5 mL H2 0, 11.0 mmol, 220 mol %) at rt.
After cooling to -20 *C, the diazonium solution from before was added dropwise over 20
min. The mixture was then warmed slowly to rt over 12 h. It was poured into a separatory
funnel and diluted with 100 mL of Et2 0. After washing and separating, the organic layer
was diluted with another 50 mL portion of Et20 and further washed with 100 mL of H2 0.
The combined aqueous layers were extracted with 100 mL of Et20. The combined
organic layers were dried over MgSO 4, filtered, and concentrated. The crude allylic
chloride 57 was dissolved in 2.5 mL of MeOH. To this was added a KOH solution (561
mg in 3 mL MeOH, 10.0 mmol, 200 mol %) dropwise at rt with stirring. The reaction
mixture was then partitioned between H 20 and Et2 O(100 mL each). After washing and
separating, the aqueous layer was extracted with Et2O (2 x 50 mL). The combined
organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (10% EtOAc in hexanes) isolated diene 35 (566 mg, 3.23 mmol, 65%)
as a light brown oil."
0
Et,.. . OH TPAP, NMO
-=I CH2CI2, 4 A MS
56 67% 2 steps Ef 36
To activated 4A MS (20.0 g before activation) was added alcohol 5667 (5.85 g,
52.2 mmol, 100 mol %, 78% ee) in 390 mL of CH 2Cl 2. This mixture was cooled to 0 *C
under Ar. NMO (9.16 g, 78.2 mmol, 150 mol %) followed by TPAP (916 mg, 2.61
mmol, 5 mol %) was added into the reaction slowly. The mixture was warmed to rt and
stirred for 30 min. It was then filtered through silica, eluting with 600 mL of Et2O. The
filtrate was concentrated at >150 torr. Column chromatography (30 to 40% Et2 O in
pentane) isolated enone 36 (5.42 g, 49.2 mmol, 94%) as a pale yellow oil. The following
characterization data is given for the intermediate with a 78% ee.
* Braude, E. A.; Fawcett, J. S. J. Chem Soc. 1951, 3113.
67 For synthesis and characterization of this intermediate, see: Ito, M.; Matsuumi, M.; Murugesh, M. G.;
Kobayashi, Y. J. Org. Chem. 2001, 66. 5881.
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'H NMR (600 MHz, CDC11
6 7.65 (dd, J = 5.6, 2.5 Hz, 1H), 6.16 (dd, J = 5.6, 1.9 Hz, 1H), 2.90-2.86 (m, 1H), 2.53
(dd, J= 18.8, 6.3 Hz, 1H), 2.01 (dd, J= 18.8, 2.1 Hz, 1H), 1.66-1.59 (m, 1H), 1.50-1.43
(m, 1H), 0.99 (t, J= 7.4 Hz, 1H).
13C NMR (125 MHz, CDCl3 )
8 210.8,169.1,134.5,43.6,41.3,28.2,12.5.
HR-MS (ESI) m/z caled for C7H100 [M+Na]*: 133.0624, found 133.0626.
IR (thin film, NaCl): 2964, 2929, 1717, 1684, 1655, 1559, 1457, 1187 cm '.
[a]22= 167.0 (c = 0.46, CHCl3).
OOz Et
NO2  Et BFOEt2 
(1 equiv)
35, 1 equiv 36, 2 equiv 59
To enone 36 (300 mg, 2.72 mmol, 200 mol%) in a oven-dried Schlenck tube was
added diene 35 (197 mg, 1.36 mmol, 100 mol%). CH2Cl 2 (1.5 mL) was added, followed
by BF 3*OEt2 (168 uL, 1.36 mmol, 100 mol%). The Schlenck tube was closed and the
reaction mixture was heated at 50 *C for 53 h. It was then partitioned between H2 0 and
CH 2Cl2 (50 mL each). The aqueous layer was extracted with CH2Cl2(2 x 25 mL). The
combined organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (25 to 40% Et2O in pentane) isolated adduct 59 (203.4 mg, 0.713 mmol,
52%) as a light brown oil. The following characterization data is given for the
intermediate with a 78% ee.
'H NMR (500 MHz, CDC11
6 7.84 (dd, J = 8.5, 1.5 Hz, 1H), 7.50 (td, J = 7.5, 1.3 Hz, 1H), 7.35-7.32 (m, 2H), 5.97-
5.93 (m, 1H), 5.62 (dq, J= 10.0, 1.5 Hz, 1H), 4.42-4.39 (m, 1H), 2.60-2.54 (m, 1H), 2.47
(q, J= 12.0 Hz, 1H), 2.15 (dd, J= 12.5, 11.0 Hz, 1H), 2.14-2.07 (m, 1H), 1.83-1.74 (m,
3H), 1.72-1.64 (m, 1H), 1.31-1.20 (m, 1H), 0.96 (t, J= 7.5 Hz, 3H).
3C NMR (125 MHz, CDC13
6 215.4, 150.9, 138.1, 132.7, 130.0, 130.0, 128.1, 127.3, 124.6, 58.2, 44.2, 43.5, 43.1,
38.1, 30.9,26.4, 12.5.
HR-MS (ESI) m/z calcd for C17H19NO3 [M+H]*: 286.1438, found 286.1451.
IR (thin film, NaCl): 2960, 2922, 2876, 1740, 1525, 1355 cm-.
{a]j2= -362.8 (c = 0.82, CHCl3)-
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O Et BF eOEt2, Et
ethylene glycol O I Na2S, EtOH
8%CH 2CI2, rt (>() 8 C26h89
80% (1 resubjection) 6 80 C, 26 h, 89%
NO2 59 N02 61
0O Et O Et
O Boc2O, Et3N O
THF, 0 *C, 62%
NH2 62 NHBoc 63
To adduct 59 (602.4 mg, 2.11 mmol, 100 mol %) in CH 2Cl2 (25 mL) with
ethylene glycol (1.80 mL, 31.7 mmol, 1500 mol %) at rt was added BF3-OEt2 (0.650 mL,
5.28 mmol, 250 mol %) dropwise. The reaction mixture was stirred at rt for 1 h. It was
then partitioned between CH 2Cl2 and satd. aq. NaHCO 3 solution (50 mL each). After
washing and separating, the aqueous layer was extracted with CH 2Cl 2 (2 x 25 mL). The
combined organic layers were dried over MgSO 4 , filtered, and concentrated. Column
chromatography (75:24:1 hexanes/Et 2O/Et3N) isolated acetal 61 along with recovered 59
(120 mg, 0.421 mmol, 100 mol %), which was resubjected to ethylene glycol (0.470 mL,
8.42 mmol, 2000 mol %) and BF 3-OEt 2 (0.140 mL, 1.10 mmol, 250 mol %) as before.
The total yield of X obtained after these two runs was 549 mg (1.69 mmol, 80%).
To acetal 61 (549 mg, 1.67 mmol, 100 mol %) in EtOH (10 mL) was added
Na 2S-9H20 (1.07 g, 4.46 mmol, 267 mol %) at rt followed by an Ar purge. The reaction
flask was fitted with a condenser and refluxed at 80 *C for 26 h. It was cooled to rt and
filtered through celite, eluting with 100 mL of CH2 CI2 . The solvent was removed in
vacuo and the crude residue was purified by column chromatography (25 to 50% Et2O in
hexanes) to give aniline 62 as a pale yellow oil (444 mg, 1.48 mmol, 89%).
To aniline 62 (444 mg, 1.48 mmol, 100 mol %) in THF (25 mL) under Ar at 0 *C
was added Et3N (420 [tL, 2.96 mmol, 200 mol %) and Boc 2O (680 PIL, 2.96 mmol, 200
mol %). The reaction mixture was stirred under an Ar atmosphere at 0 *C for 28 h. It was
then concentrated to a residue and purified by column chromatography (10 to 25% Et2O
in hexanes) to give Boc aniline 63 (366 mg, 0.916 mmol, 62%) as a white amorphous
solid. The following characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz. CDCl )
8 7.74 (br s, 1H), 7.16 (t, J = 7.5 Hz, 1H), 7.11 (dd, J = 8.0, 1.5 Hz, 1H), 7.03 (t, J = 7.5
Hz, 1H), 5.84 (br s, 1H), 5.52 (d, J = 9.5 Hz, 1H), 4.06 (br s, 1H), 3.87 (q, J = 8.0 Hz,
1H), 3.75 (dq, J = 10.5, 2.2 Hz, 1H), 3.64 (br s, 1H), 3.31 (q, J = 7.0 Hz, 1H), 2.44 (dt, J
= 17.0, 4.9 Hz, 1H), 2.05 (dd, J = 13.5, 8.5 Hz, 1H), 2.00-1.91 (m, 2H), 1.70-1.62 (m,
2H), 1.58-1.54 (m, 1OH), 1.45 (dd, J= 13.5, 9.5 Hz, 1H), 1.23-1.14 (m, 1H), 0.92 (t, J= 7
Hz, 3H).
3C NMR (125 MHz, CDC13
8 153.8, 135.7, 135.0, 132.2, 128.6, 128.3, 126.8, 126.6, 124.1, 121.5, 116.2, 80.0, 63.3,
63.2,56.0,44.8,44.6,43.2,36.4, 31.5, 28.7,26.9, 12.6.
HR-MS (ESI m/z calcd for C24H33NO4 [M+Na]*: 422.2302, found 422.2316.
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IR (thin film, NaCl): 2962, 2901, 1731, 1591, 1522, 1450, 1367, 1300, 1232, 1163, 1046,
1027, 753 cm-.
a]22 -74.9 (c = 3.2, CHCl3)-
O Et O
1) (i) 03, CH2CI2, -78 *C 0(ii) SMe2 , 19 h Et
-\N H /o 63 2) M sCI, Et3N , D C M , rt O 6
NHBoc 63 N 64B0
Boc aniline 63 (61.6 mg, 0.154 mmol, 100 mol %) in 5 mL of CH2Cl2 was
cooled to -78 *C and exposed to 03until the solution turned pale blue. It was then treated
with Me2 S (0.740 mL, 10.0 mmol, 6500 mol %) at -78 *C and stirred while warming to
rt over 19 h in a closed vessel. It was then concentrated to a residue and purified by
column chromatography (25 to 50% Et2O in hexanes) to give aldehyde 64 and the
hemiaminal intermediate, which was treated with MsCl (5 ttL, 0.07 mmol) and Et3N (0.1
mL) in 0.1 mL of CH2 Cl2 at rt to give aldehyde 64 as a colorless oil. The following
characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDC13)
8 9.58 (t, J = 2.0 Hz, 1H), 8.12 (br s, 1H), 7.69 (d, J = 7.5 Hz, 1H), 7.48 (br s, 1H), 7.30
(td, J = 8.5, 1.5 Hz, 1H), 7.23 (td, J= 8.5, 1.0 Hz, 1H), 3.76-3.71 (m, 2H), 3.65-3.60 (m,
1H), 3.31-3.28 (m, IH), 3.23 (ddd, J= 22.0, 10.0, 10.0 Hz, 1H), 2.56-2.51 (m, 1H), 2.48-
2.46 (m, 2H), 2.36-2.30 (m, 1H), 1.79-1.74 (m, 2H), 1.68-1.63 (m, 10H), 1.34-1.27 (m,
1H), 0.95 (t, J = 7.5 Hz, 3H).
13C NMR (125 MHz, CDCl3
8 202.7, 125.0, 123.2, 120.9, 117.9, 116.7, 115.8, 107.9, 103.8, 84.4, 65.8, 65.4, 52.3,
48.0, 44.3, 44.0, 43.2, 29.1, 28.9, 27.8, 13.0.
HR-MS (ESI) m/z calcd for C24H31NO5 [M+Na]*: 436.2094, found 436.2100.
IR (thin film, NaCl): 2961, 2932, 2877, 1733, 1456, 1374, 1308, 1256, 1159, 1070, 1028,
766, 748 cm-.
[a]22= -9.8 (c = 0.45, CHC 3).
Ph3 P 0 O
Me
CHO toluene, 91% NO2 1 MeNO2
74 0
2-Nitrobenzaldehyde (756 mg, 5.00 mmol, 100 mol %) and 1-
(triphenylphosphoranylidene)propan-2-one (2.00 g, 6.25 mmol, 125 mol %) were
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refluxed together in 20 mL of toluene for 2 h. After evaporation of the solvent, column
chromatography (10% to 33% EtOAc in hexanes) gave enone 74 (872 mg, 4.56 mmol,
91%).68
'H NMR (500 MHz, CDCl,)
6 8.08 (dd, J = 8.5, 1.5 Hz, 1H), 8.00 (d, J = 16.0 Hz, 1H), 7.70-7.64 (m, 2H), 7.57 (ddd,
J = 8.0, 7.0, 1.5 Hz, 1H), 6.58 (d, J = 16.5 Hz, 1H), 2.43 (s, 3H).
13C NMR (125 MHz, CDCl)
8 198.3,148.5,139.2,133.9,132.1,131.0,130.7,129.3,125.3,27.3.
IR (thin film, NaCl): 1696, 1676, 1653, 1616, 1571, 1559, 1524, 1507, 1346, 1250, 974,
741 cm-1.
TBSOTf, Et3N, rt, quant.
NO2  Me NO2
74 0 75 OTBS
To enone 74 (50.0 mg, 0.262 mmol, 100 mol %) in CH2Cl2 (1.5 mL) at rt was
added Et3N (0.150 mL, 1.05 mmol, 400 mol %). TBSOTf (0.120 mL, 0.523 mmol, 200
mol %) was added into the reaction mixture and the resulting mixture was stirred at rt for
2 h. It was then quenched by the addition of satd. aq. NaHCO3 solution (5 mL, added
dropwise at rt). The resulting mixture was partitioned between CH 2Cl 2 and satd. aq.
NaHCO3 solution (20 mL each). The aqueous layer was extracted with CH2Cl2 (2 x 10
mL). The combined organic layers were dried over MgSO 4 , filtered, and concentrated.
Column chromatography (10% EtOAc in hexanes) isolated adduct silyl enol ether 75
(80.2 mg, quant.) as a yellow solid.
'H NMR (500 MHz, CDCl3)
8'7.91 (dd, J = 8.0, 1.0 Hz, 1H), 7.65 (td, J = 8.0, 1.0 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H),
7.39-7.35 (m, 2H), 7.58 (d, J = 15.5 Hz, 1H), 4.53 (d, J = 3.0 Hz, 1H), 1.03 (s, 9H), 0.25
(s, 6H).
13C NMR (125 MHz, CDCl3)
8 155.0, 148.3, 133.1, 132.6, 131.9, 128.3, 128.2, 124.9, 124.2, 98.9, 26.0, 18.5, 0.0.
HR-MS (ESI m/z calcd for C 6H23NO 3 Si [M+H]*: 306.1520, found 306.1522.
IR (thin film, NaCl): 2957, 2931, 2886, 1607, 1589, 1522, 1473, 1345, 1326, 1254, 1027,
1005, 960, 837, 811, 782, 745 cm-.
6 Alonso, D.; Caballero, E.; Medarde, M.; Tom6, F. Tetrahedron Lett. 2005, 46, 4839.
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NaN3, NMP |
CHO 55 *C, quant." CHO
NO2  N3
84
To 2-nitrobenzaldehyde (12.5 g, 82.7 mmol, 100 mol %) in anhydrous NMP (100
mL) at rt was added NaN3 (10.8 g, 165 mmol, 200 mol %). The reaction mixture was
stirred at 55 *C for nine days. It was then cooled to rt and partitioned between H20 (500
mL) and Et2O (300 mL). After washing and separating, the aqueous layer was extracted
with Et2O (2 x 200 mL). The combined organic layers were dried over Na 2SO 4, filtered,
and concentrated. Column chromatography (5 to 10% EtOAc in hexanes) isolated azide
84 (12.8 g, quant.) as a tan solid.69
0 0
Me I OBt
CHO O
CH LiCI, DIPEA, CH3CN, 65% N3  Me
84 85 0
To LiCl (1.04 g, 24.6 mmol, 120 mol %) in 100 mL of anhydrous CH3CN under
Ar was added diethyl (2-oxopropyl)phosphonate (4.78 mL, 24.6 mmol, 120 mol %)
followed by anhydrous Hunig's base (3.57 mL, 20.5 mmol, 100 mol %). The mixture was
stirred at rt under At for 15 min. Aldehyde 84 (3.02 g, 20.5 mmol, 100 mol %) was then
added in 100 mL of anhydrous CH3CN and the reaction mixture was stirred for 21 h at rt.
It was then quenched with brine (250 mL). After the layers were separated, the organic
layer was washed with brine (1 x 100 mL). To the aqueous layers was added H20 until all
of the solids dissolved. It was then extracted with CH2 C 2 (2 x 200 mL). The combined
organic layers were dried over Na 2 SO 4, filtered, and concentrated. Column
chromatography (15 to 20% EtOAc in hexanes) isolated enone 85 (2.50 g, 13.4 mmol,
65%) as a pale yellow oil.
'H NMR (500 MHz, CDC 3
6 7.78 (d, J = 16.5 Hz, 1H), 7.61 (dd, J = 8.0, 1.0 Hz, 1H), 7.44 (app t, J = 8.0 Hz, 1H),
7.22 (d, J = 7.8 Hz, 1H), 7.17 (app t, J = 7.5 Hz, 1H), 6.70 (d, J = 16.5 Hz, 1H), 2.41 (s,
3H).
13C NMR (125 MHz, CDCl3)
8 199.4,140.0,138.3,132.2,129.4,128.6,126.7,125.7,119.5,27.9.
HR-MS (ESI) m/z calcd for CloH 9N30 [M+Na]+: 210.0638, found 210.0644.
IR (thin film, NaCl): 2123, 1669, 1646,1289,761 cm-'.
69 (a) Rajeshwaran, G. G.; Mohanakrishnan, A. K. Org. Lett. 2011, 13, 1418. (b) Stokes, B. J.; Liu, S.;
Driver, T. G. J. Am. Chem. Soc. 2011, 133,4702.
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M TBSOTf, Et3N, 97% 1
N3  Me N3
85 0 81 OTBS
To enone 85 (2.50 g, 13.4 mmol, 100 mol %) with Et3N (3.72 mL, 26.7 mmol,
200 mol %) in 242 mL of dry Et20 at 0 *C under Ar was added TBSOTf (4.60 mL, 20.0
mmol, 150 mol %). After stirring at this temperature for 30 min, the reaction mixture was
quenched by the addition of brine (150 mL) at 0 *C. It was then warmed to rt, diluted
with 200 mL of Et2 O, and washed with additional 300 mL of brine. The aqueous layer
was extracted with 300 mL of Et2 O. The combined organic layers were dried over
Na 2 SO 4, filtered, and concentrated. Column chromatography (94:5:1
hexanes/EtOAc/Et 3N then 5% EtOAc in hexanes) isolated silyl enol ether 81 (3.90 g, 12.9
mmol, 97%) as a pale yellow oil.
'H NMR (500 MHz, CDCl3)
8 7.54 (dd, J = 7.5 Hz, 1H), 7.32-7.29 (m, 1H), 7.18-7.11 (m, 1H), 6.62 (d, J = 15.5 Hz,
1H), 4.49 (d, J = 11.5 Hz, 1H), 1.08 (s, 9H), 0.26 (s, 6H).
13C NMR (125 MHz, CDC1)
8 156.0, 138.3, 129.4, 129.3, 128.7, 127.4, 125.5, 124.4, 119.2, 98.0, 26.5, 19.0, 0.0.
HR-MS (ESI) m/z calcd for C 6H23N 3OSi [M+H]+: 302.1683, found 302.1674.
IR (thin film, NaCl): 2957, 2930, 2858, 2122, 2084, 1597, 1570, 1483, 1473, 1451, 1321,
1288, 1254, 1026, 839, 827 cm- .
N3 +TBSOTf, DTBMP
N3  Et" 
-78 C N3  OTBS
OTBS 88% on >4 g scale 8281, 1 equiv 36, 1.5 equiv
To activated 4A MS (4.70 g before activation) was added enone 36 (2.20 g, 20.0
mmol, 160 mol %) and diene 81 (3.77 g, 12.5 mmol, 100 mol %) in 190 mL of CH 2Cl 2 -
This mixture was stirred at rt under Ar for 3 h to dry the starting materials. It was then
cooled to -78 *C and DTBMP (2.57 g, 12.5 mmol, 100 mol %) followed by TBSOTf
(1.44 mL, 6.25 mmol, 50 mol %) were added into the reaction. The mixture was stirred at
-78 *C for 90 min. It was then quenched at this temperature with 50 mL satd. aq.
NaHCO3 and 50 mL of satd. aq. NaCl solutions. After being warmed to rt, the mixture
was further partitioned between brine and CH2Cl2 such that there are 300 mL of each
layer. Due to emulsion problems, both layers had to be filtered over celite before being
separated. The aqueous layer was then extracted (2 x 200 mL Et2O). The combined
organic layers were dried over Na2 SO 4, filtered, and concentrated. Column
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chromatography (5 to 10% EtOAc in hexanes) isolated adduct 82 (4.53 g, 11.0 mmol,
88%) as a pale yellow oil. The following characterization data is given for the
intermediate with a 78% ee.
'H NMR (600 MHz, CDCl9 )
6 7.33 (d, J = 7.7 Hz, 1H), 7.29-7.27 (m, 1H), 7.14-7.11 (m, 2H), 4.95 (br s, 1H), 4.12
(dd, J = 7.4, 2.5 Hz, 1H), 2.96 (app t, J = 7.3 Hz, 1H), 2.48 (dddd, J = 7.5, 7.5, 7.5, 3.5
Hz, 1H), 2.32 (dd, J = 17.8, 7.6 Hz, 1H), 2.16 (dd, J = 19.0, 8.8 Hz, 1H), 1.95-1.86 (m,
2H), 1.80 (dd, J= 19.1, 3.7 Hz, 1H), 1.68-1.61 (m, 1H), 1.39-1.32 (m, 1H), 0.97-0.94 (m,
12H), 0.18 (s, 6H).
13C NMR (125 MHz, CDC13 )
8 217.0, 151.1, 138.2, 134.4, 131.5, 128.3, 124.8, 118.3, 106.0, 47.9, 42.4, 41.4, 40.8,
35.2, 32.6, 28.3, 26.4, 18.7, 13.3, 0.0, 0.0.
HR-MS (ESI) m/z calcd for C23H 33 N3 0 2 Si [M+Na]*: 434.2234, found 434.2250.
IR (thin film, NaCl): 2929, 2858, 2123, 1743, 1674, 1486, 1472, 1362, 1288, 1176, 838,
780,751 cm-'.
a]22= 20.8 (c = 0.42, CHCl3).
O E t
i) 03, CH2CI2, -78 *C Et
ii) PPh3 (3 equiv) IOTBS
OTBS% on > 3 gscale OTBN3  OTBS 94o>gcl H 0
82 83
To a solution of adduct 82 (4.10 g, 9.96 mmol, 100 mol %) in anhydrous
CH2 Cl2 (400 mL) at -78 *C was bubbled 03 until the solution turned deep blue. The
reaction mixture was then purged with N2 until it turned back to pale yellow. PPh3 (7.84
g, 29.9 mmol, 300 mol %) was added at -78 *C and the reaction mixture was allowed to
warm to rt slowly under Ar and stirred further at rt for a total of 44 h. It was then
concentrated down. Column chromatography (5% EtOAc in hexanes flush (IL) then 1%
MeOH in EtOAc) isolated indole 83 (3.74 g, 9.36 mmol, 94%) as a tan amorphous solid.
The following characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDC13)
6 8.27 (br s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.21 (ddd, J = 8.0,
7.0, 1.0 Hz, 1H), 7.13 (ddd, J = 8.0, 7.5, 1.0 Hz, 1H), 7.05 (d, J = 2.5 Hz, 1H), 4.17 (d, J
= 8.5 Hz, 1H), 2.95-2.89 (m, 1H), 2.71 (dd, J = 19.5, 8.5 Hz, 1H), 2.26 (ddd, J = 19.0,
6.0, 1.0 Hz, 1H), 2.16-2.07 (m, 3H), 1.85-1.77 (m, 1H), 1.55-1.47 (m, 1H), 1.08 (t, J=
7.5 Hz, 3H), 0.87 (s, 9H), 0.21 (s, 3H), 0.19 (s, 3H).
280
13C NMR (125 MHz, CDC11
8 218.9, 173.9, 136.7, 127.9, 124.2, 122.9, 120.5, 119.5, 111.9, 110.3, 49.2, 43.4, 43.2,
41.3, 37.6, 28.2, 26.0, 18.2, 13.1, 0.0, 0.0.
HR-MS (ESI) m/z calcd for C23H 33NO 3Si [M+H]*: 400.2302, found 400.2293.
IR (thin film, NaCl): 3375, 2959, 2931, 2859, 1717, 1459, 1254, 1178, 844, 826, 742 cm-
[a]FD= 51.0 (c = 1.77, CHCl3 )-
0 0
Et (COCI) 2, cat. DMF O Et
S NOTBS CH 2C 2 , 0 *C to rtN- 85% NV
H 0 H O83 87
To TBS ester 83 (256 mg, 0.640 mmol, 100 mol %) with anhydrous DMF (2
drops) in 6.4 mL of CH2Cl2at 0 *C was added oxalyl chloride (60.0 mL, 0.699 mmol, 110
mol %). The reaction mixture was stirred at 0 *C for 1 h. It was then concentrated down.
Column chromatography (25 to 50% EtOAc in hexanes) isolated diketone 87 (146 mg,
0.546 mmol, 85%) as a colorless amorphous solid. The following characterization data is
given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDCl )
6 9.81 (br s, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.5 Hz, 1H), 7.37 (app t, J = 7.5
Hz, 1H), 7.18 (app t, J = 7.5 Hz, 1H), 4.04 (d, J = 7.0 Hz, 1H), 2.88 (dddd, J = 17.5, 17.5,
17.5, 6.0 Hz, 1H), 2.82-2.76 (m, 1H), 2.59 (ddd, J = 12.0, 12.0, 5.5 Hz, 1H), 2.17-2.11
(m, 2H), 2.08 (d, J = 8.0 Hz, 1H), 1.88-1.80 (m, 1H), 1.37-1.27 (m, 1H), 0.94 (t, J = 7.5
Hz, 3H).
13C NMR (125 MHz, CDC1)
8 214.7,190.1, 139.2, 131.2, 128.0, 126.7, 124.1, 121.9, 121.7, 113.2, 48.8, 44.4, 43.1,
41.2, 39.1, 27.7, 13.0.
HR-MS (ESI) m/z calcd for Cl7Hl7NO 2[M+Na]*: 290.1151, found 290.1172.
IR (thin film, NaCl): 3277, 2960, 1741, 1653, 1540, 1472, 1333, 1246, 749 cm- .
ta]li= 227.0 (c = 3.2, CHC 3).
281
0 RO
Et NaBH 4, THF, rt Et
60%, 1 resubjection
H0 H
87 89 R :2 H ]:: TMSCI, id,
91 R = TMS CH2C 2 , rt, 71%
To diketone 87 (1.07 g, 4.00 mmol, 100 mol %) in THF (28 mL) at rt under Ar
was added NaBH 4 (303 mg, 8.00 mmol, 200 mol %). The reaction mixture was stirred at
rt for 2 h. It was then diluted with 200 mL of CH 2Cl 2and washed with satd. aq. NaHCO 3
solution (200 mL). The aqueous layer was extracted with CH 2 Cl2 (2 x 100 mL). The
combined organic layers were dried over Na 2SO 4, filtered, and concentrated. Column
chromatography (20 to 30% EtOAc in hexanes) isolated alcohol 76 (not shown, 516 mg)
as a mixture of diastereomers, along with recovered starting 73 (356 mg, 1.33 mmol, 100
mol %). Resubjection to NaBH 4(151 mg, 4.00 mmol, 300 mol %) in 10 mL of THF gave
a total of 644 mg of 89 as a mixture of diasteroemers (2.40 mmol, 60%).
To alcohol 89 (a mixture of diastereomers, 644 mg, 2.40 mmol, 100 mol %, 3:1
dr) with imidazole (490 mg, 7.20 mmol, 300 mol %) in CH 2Cl 2 (30 mL) at 0 *C was
added TMSCl (0.46 mL, 3.60 mmol, 150 mol %). The cold bath was removed and the
reaction mixture was stirred at rt for 30 min. It was then diluted with 50 mL of CH2 Cl2
and washed with 80 mL of H20. The aqueous layer was extracted with CH 2Cl 2 (2 x 40
mL). The combined organic layers were dried over Na 2SO 4, filtered, and concentrated.
Column chromatography (15% EtOAc in hexanes) partially separated TMS ether 91 as a
colorless amorphous solid (416 mg, 1.22 mmol, 51%) and its diastereomer (165 mg,
0.483 mmol, 20%).
Characterization data for the major diastereomer (with 78% ee):
TMSO,
H
Et
H
CN
H 0
'H NMR (500 MHz, CDCl3
b 9.60 (br s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.5 Hz, 1H), 7.38 (app t, J= 8.0
Hz, 1H), 7.16 (app t, J = 7.5 Hz, 1H), 4.64 (app t, J = 3.5 Hz, 1H), 3.43 (dd, J = 8.0, 3.5
Hz, 1H), 3.11 (dd, J= 16.5, 11.5 Hz, 1H), 2.75 (dd, J= 17.0, 7.0 Hz, 1H), 2.69-2.63 (m,
1H), 2.18 (dd, J = 13.0, 8.0 Hz, 1H), 2.02 (dddd, J = 15.5, 7.5, 7.5, 3.0 Hz, 1H), 1.67
(ddd, J= 13.0, 8.5, 4.0 Hz, 1H), 1.59-1.45 (m, 2H), 1.01 (t, J= 7.0 Hz, 3H), 0.00 (s, 9H).
3C NMR (125 MHz, CDC13
b 193.0, 139.0, 132.9, 127.3, 127.3, 127.1, 122.2, 120.9, 113.4, 77.0, 46.4, 46.1, 46.0,
44.2, 43.5, 30.4, 13.5, 0.34.
HR-MS (ESI) m/z calcd for C20H27NO 2Si [M+Na]*: 364.1703, found 364.1701.
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IR (thin film, NaCl): 3272, 2957, 1647, 1475, 1331, 1251, 1067, 841, 746 cm-.
tLD= -19.9 (c = 0.93, CHCl3)-
TMSO, TMSO,
H 1) (i) NH3 in EtOH, Ti(O-iPr)4, reflux HEt (ii) NaBH4  Et
N I H 2) Boc2O, DMAP, CH 3CN N H
C N 91%N
H Boc
90 92NHBoc
To TMS ether 91 (341 mg, 1.00 mmol, 100 mol %) in a 2M NH 3 solution in
EtOH (5 mL, 10.0 mmol, 1000 mol %) at rt was added Ti(Oi-Pr)4 (0.61 mL, 2.00 mmol,
200 mol %). The reaction mixture was refluxed at 60 *C for 6.5 h. After it was cooled to
rt NaBH4 (45.4 mg, 1.20 mmol, 120 mol %) was added slowly and the resulting mixture
stirred for 1 h at rt under Ar. It was then diluted with 15 mL of CH2Cl 2 and poured slowly
into satd. aq. sodium potassium L-tartrate solution (9.3 mL). The resulting biphasic
mixture was stirred under Ar vigorously for 16 h at rt. It was then partitioned to 100 mL
(each layer) of CH 2Cl 2 and H20. After washing and separating, the aqueous layer was
extracted with CH 2Cl 2 (2 x 50 mL). The combined organic layers were dried over Na2 SO 4,
filtered, and concentrated to give the crude intermediate free amine as a yellow solid.
The crude amine was dissolved in anhydrous CH 3CN (10 mL) and cooled to 0 *C
under Ar. Boc 2O (0.800 mL, 3.50 mmol, 350 mol %) then DMAP (36.7 mg, 0.300 mmol,
30 mol %) was added. The cold bath was removed and the reaction mixture was stirred at
rt for 3 h. After being concentrated down, column chromatography (2.5 to 5% EtOAc in
hexanes) isolated the bis-Boc adduct 92 (492 mg, 0.906 mmol, 91%) as a pale yellow
amorphous solid. The following characterization data is given for the intermediate with a
78% ee.
'H NMR (500 MHz, CDCl)
8 8.26 (d, J = 8.5 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.32 (app t, J = 7.5 Hz, 1H), 7.23
(app t, J= 7.0 Hz, 1H), 6.10 (d, J= 8.5 Hz, 1H), 5.52 (ddd, J= 7.0,3.5,3.5 Hz, 1H), 4.51
(app t, J= 4.0 Hz, 1H), 3.65 (dd, J= 11.0, 4.5 Hz, 1H), 2.33 (dd, J= 14.0, 1.5 Hz, 1H),
2.25-2.18 (m, 1H), 2.08 (dd, J = 19.0, 9.0 Hz, 1H), 1.97 (dd, J = 12.5, 5.5 Hz, 1H), 1.86
(ddd, J= 14.5, 8.5, 4.0 Hz, 1H), 1.78-1.72 (m, 1H), 1.69 (s, 9H), 1.46 (s, 9H), 1.38-1.26
(m, 1H), 1.01 (t, J= 7.5 Hz, 3H), 0.00 (s, 9H).
13C NMR (125 MHz, CDCl3)
8 155.7, 151.1, 137.3, 136.8, 129.5, 125.1, 123.0, 119.3, 118.7, 116.5, 84.6, 79.0, 75.9,
47.1, 45.3, 42.8, 42.1, 40.1, 32.9, 29.2, 28.8, 28.8, 13.8, 0.12.
HR-MS (ESI) m/z calcd for C30HeN 20 5Si [M+Na]*: 565.3068, found 565.3127.
IR (thin film, NaCl): 3364, 2959, 1716,1507,1457,1367,1148, 1047, 840,749 cm-.
W]D2 -89.5 (c = 0.44, CHCl3).
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TMSO, 0
H
Et 1) TBAF, THF, rt, 94% . Et
H 2) Dess-Martin Periodinane
N NaHCO 3, CH2CI2, 0 C to rt N .Boc 9%Boc
92 NHBoc 92% NHBoc
To silyl ether 92 (483 mg, 0.890 mmol, 100 mol %) in THF (10 mL) at rt was
added a IM TBAF solution in THF (1M, 1.80 mL, 1.80 mmol. 200 mol %). The reaction
mixture was stirred at rt for 3 h. After removal of solvent in vacuo, the crude residue was
applied directly to silica column chromatography. After running a solvent gradient of
20% to 25% EtOAc in hexanes, the intermediate free alcohol was obtained (394 mg,
0.838 mmol, 94%) as a colorless amorphous solid.
To the intermediate alcohol (394 mg, 0.838 mmol, 100 mol %) in 12.3 mL of
CH 2Cl2 in a room-temperature water bath was added NaHCO3 (211 mg, 2.51 mmol, 300
mol %) followed by Dess-Martin Periodinane (713 mg, 1.68 mmol, 200 mol %). The
reaction mixture as stirred at rt for 3 h. It was diluted with CH2Cl2 (50 mL) and poured
into satd. aq. Na 2 S2O3 solution (50 mL). After washing and separating, the aqueous layer
was extracted with CH 2Cl 2 (2 x 25 mL). The combined organic layers were dried over
Na 2 SO 4 , filtered, and concentrated. Column chromatography (20% EtOAc in hexanes)
isolated ketone 93 (361 mg, 0.770 mmol, 92%) as a colorless amorphous solid. The
following characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDCl3
8 8.14 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 7.34 (app t, J = 7.5 Hz, 1H), 7.28
(app t, J = 7.5 Hz, 1H), 5.27 (br s, 1H), 4.77 (br s, 1H), 3.69 (d, J = 6.0 Hz, 1H), 2.57 (dd,
J = 18.5, 8.0 Hz, 1H), 2.51 (ddd, J = 14.5, 7.0, 4.5 Hz, 1H), 2.38-2.29 (m, 2H), 2.22-2.19
(m, 1H), 2.07 (dd, J = 18.5, 8.0 Hz, 1H), 1.87-1.79 (m, 1H), 1.68 (s, 9H), 1.49 (s, 9H),
1.43-1.34 (m, 1H), 1.00 (t, J = 7.5 Hz, 3H).
3C NMR (125 MHz, CDC 3
6 216.1, 155.7, 150.6, 137.5, 133.3, 128.8, 125.8, 123.6, 122.0, 115.9, 115.6, 85.0, 80.1,
47.8,45.8,44.4,40.9,40.6, 31.3, 29.1, 28.7,27.7,13.1.
HR-MS (ESI) m/z calcd for C27H36N20 5 [M+Na]*: 491.2516, found 491.2523.
IR (thin film, NaCl): 3383,2969, 1734, 1701, 1507, 1457, 1365, 1320,1160,753 cm-1.
g]2D 2.2 (c = 0.32, CHCl 3)-
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0 TBSO
, Et i) LDA (4 equiv), -78 *C Et
i) TBSCI, HMPA, -78 *C U Il
NHBoc Boc
93Boc9 NHBoc
To a 2M LDA solution in heptane/THF/ethylbenzene (0.17 mL, 0.346 mmol, 400
mol %) in THF (2.5 mL) at -78 *C was cannulated dropwise a solution of ketone 93
(40.5 mg, 0.0864 mmol, 100 mol %) in THF (0.5 mL). The mixture was stirred at this
temperature for 1 h. TBSC (65.1 mg, 0.432 mmol, 500 mol %) in anhydrous HMPA
(0.48 mL) was added dropwise at -78 *C and the resulting mixture was stirred at this
temperature for 30 min before it was quenched also at the same temperature with 5 mL of
H20. The quenched reaction mixture was warmed to rt, diluted with 25 mL of CH2 Cl2,
and washed with 50 mL of H20. The aqueous layer was extracted with CH 2Cl 2 (1 x 25
mL). The combined organic layers were dried over Na 2 SO 4, filtered, and concentrated.
Column chromatography (98:2 hexanes/Et3N to pack, then 5% EtOAc in hexanes flush,
then 5% EtOAc in hexanes gradient after sample loading) isolated silyl enol ether 94
(47.6 mg, 0.0817 mmol, 95%) as a colorless amorphous solid. The following
characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDCl )
8 8.14 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.30 (app t, J = 8.0 Hz, 1H), 7.20
(app t, J = 7.5 Hz, 1H), 5.34 (dd, J = 10.0, 5.0 Hz, 1H), 4.74 (br s, 1H), 4.63 (br s, 1H),
4.02 (d, J = 8.5 Hz, 1H), 2.59-2.56 (m, 1H), 2.44-2.40 (m, 1H), 2.28 (ddd, J = 10.5, 5.5,
5.5 Hz, 1H), 2.06 (br s, 1H), 1.69 (s, 9H), 1.58-1.41 (m, 11H), 0.99 (t, J = 7.5 Hz, 3H),
0.86 (s, 9H), 0.22 (s, 3H), 0.03 (s, 3H).
3C NMR (125 MHz, CDCII
8 156.2, 155.6, 150.9, 137.3, 133.9, 129.8, 125.3, 122.8, 122.1, 121.0, 115.5, 105.3, 84.6,
79.8, 49.1, 46.2, 42.9, 39.8, 34.0, 29.6, 29.2, 28.8, 26.6, 19.1, 13.0, 0.0, 0.0.
HR-MS (ESI) m/z calcd for C33H5ON20 5Si [M+Na]*: 605.3381, found 605.3375.
IR (thin film, NaCl): 3447, 2930, 1717, 1653, 1489, 1457, 1364, 1161, 839 cm- .
La]22D- -97.4 (c = 0.24, CHCl3).
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0 TBSO TBSO
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t-78 *C N.E -~ -ZN"E
S ii) TBSCI (2 equiv) . E +
CN~ HMPA, -78 T XN X
87 OTBS 98
chromatography 84% overall
To HN(i-Pr) 2 (1.93 mL, 13.7 mmol, 400 mol %) in THF (36 mL) at -78 *C was
added n-BuLi (2.60 M in hexanes, 5.27 mL, 13.7 mmol, 400 mol %). The resulting
solution was stirred at 0 *C for 20 min. It was re-cooled to -78 *C and diketone 87 (914
mg, 3.42 mmol, 100 mol %) was cannulated in 36 mL of THF. The mixture was stirred at
-78 *C for 50 min. TBSCl (1.03 g, 6.84 mmol, 200 mol %) was then added in 7.16 mL of
HMPA. The mixture was stirred for 15 min at -78 *C. It was then quenched at this
temperature with the addition of 150 mL of H20. After warming to rt, the reaction
mixture was partitioned between 800 mL of H20 and 400 mL of EtOAc. After washing
and separating, the aqueous layer was extracted (2 X 200 mL of EtOAc). The combined
organic layers were dried over Na2SO 4 , filtered, and concentrated. Column
chromatography (20 X 5.5 cm in dimensions, 30% CH2Cl2 in hexanes to 25% EtOAc in
hexanes gradient) isolated silyl enol ether 98 (1.09 g, 2.86 mmol, 84%) as a tan
amorphous solid. The following characterization data is given for the intermediate with a
78% ee.
'H NMR (500 MHz, CDCl3
8 8.97 (br s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.41 (t, J= 8.5 Hz, 1H), 7.36 (d, J = 7.5 Hz,
1H),7.13 (t, J=7.5 Hz, 1H), 4.73 (br s, 1H), 4.14 (d, J= 6.5 Hz, 1H), 2.84 (dd, J= 16.0,
5.5 Hz, IH), 2.77 (dddd, J = 6.0, 6.0, 6.0, 6.0 Hz, 1H), 2.72 (dd, J = 15.5, 5.5 Hz, 1H),
2.29 (d, J= 5.5 Hz, 1H), 1.65 (dq, J = 6.0, 6.0 Hz, 1H), 1.39 (dq, J= 6.5, 6.5 Hz, 1H),
0.97 (t, J = 7.5 Hz, 3H), 0.91 (s, 9H), 0.23 (s, 3H), 0.07 (s, 3H).
3C NMR (100 MHz, CDC131
6 190.8, 154.9, 138.4, 130.7, 127.1, 126.8, 126.5, 124.3, 120.3, 112.2, 105.9, 47.9, 43.3,
42.7, 40.4, 26.6, 26.1, 18.6, 12.3, 0.0.
HR-MS (ESI) m/z calcd for C23H 3 NO 2Si[M+H]*: 382.2197, found 382.2190.
IR (thin film, NaCl): 3278, 2958, 2930, 2858, 1651, 1472, 1332, 1255, 840, 783, 746 cm-
Ka2D= -5.7 (c = 0.55, CHCl3)-
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TBSO 1) (i) NH3 in EtOH, Ti(O-iPr)4, reflux TBSO
- (ii) NaBH 4  -
Et 2) Boc2O, DMAP, CH 3CN, quant. Et
XN C N
O Boc
90 94NHBoc
To silyl enol ether 98 (31.4 mg, 0.0823 mmol, 100 mol %) in a 2M solution of
NH3 in EtOH (0.410 mL, 0.823 mmol, 1000 mol %) at rt was added Ti(Oi-Pr)4 (0.0500
mL, 0.165 mmol, 200 mol %). The resulting mixture was heated to 60 *C for 5 h. It was
re-cooled to rt. NaBH 4 (3.73 mg, 0.0988 mmol, 120 mol %) was added and the mixture
stirred at rt for 1 h. It was then diluted with CH 2Cl2 (1 mL) and saturated aqueous Na/K
L-tartrate solution (1 mL). The biphasic mixture was stirred vigorously at rt for 15 h.70 It
was the partitioned between H20 and CH 2Cl 2 (20 mL each). After washing and
separating, the aqueous layer was extracted (2 X 10 mL of CH 2Cl2 ). The combined
organic layers were dried over Na2SO 4 , filtered, and concentrated. The crude amine (pale
yellow amorphous solid) was redissolved in CH 3CN (1 mL) and Boc 20 (66.2 [L, 0.288
mmol, 350 mol %) and DMAP (3.00 mg, 0.0247 mmol, 30 mol %) was added. After
stirring for 1 h at rt, the reaction mixture was concentrated. Column chromatography
(98:2 hexanes/Et 3N to pack, then 2.5% EtOAc in hexanes flush, then 2.5% to 10% EtOAc
in hexanes gradient after sample loading) isolated amine 94 (58.6 mg, quant.) as a
colorless amorphous solid.
TBSO TBSO OH OH TBSO 0O
-- NalO4 on e CHO PPTS
., Et cat. OsO4, NMO ., "Et Si2 'A Et CH2Cl2, rt
CH 3SO 2NH 2  | | CH 2Cl2Bo . THF/H 2 /acetone N Boc
BocNHBoc 0 *C to rt Boc NHBocNH~ocNH~ocTBSOH
87 99 100
BocN H
\H
CO 2H
BocN Et
101, 63% +
102, TBS ester (not shown), 15%
To silyl enol ether 87 (334 mg, 0.573 mmol, 100 mol %) in THF (4 mL), H20 (4
mL), and acetone (2 mL) at rt was added CH3 SO2NH 2 (54.5 mg, 0.573 mmol, 100 mol
%) and NMO (168 mg, 1.43 mmol, 250 mol %). The mixture was then cooled in an ice/
H2 0 bath and Os0 4 (2.5 wt% in t-BuOH, 0.072 mL, 5.73 [tmol, 1 mol %) was then
added. The cold bath was removed and additional portions of Os0 4 (3 x 0.07 mL) were
added every 20 minutes. The reaction took additional 2 h to complete after addition of the
last portion. It was then partitioned between EtOAc and brine (40 mL each). After
washing and separation, the aqueous layer was extracted (2 X 10 mL of EtOAc). The
70 Shi, J.; Manolikakes, G.; Yeh, C.-H.; Guerrero, C. A.; Shenvi, R. A.; Shigehisa, H.; Baran, P. S. J. Am.
Chem. Soc. 2011, 133, 8014.
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combined organic layers were dried over Na 2 SO 4, filtered, and concentrated. The crude
residue was redissolved in CH2 Cl 2 (16 mL) at rt and NaIO4 on silica (made as outlined in
the general experimental procedure, 1.20 mmol/g, 1.20 g, 1.43 mmol, 250 mol %) was
added. The mixture was stirred at rt for 30 min. It was then filtered and concentrated. The
crude amino aldehyde 100 was redissolved in 16 mL of CH 2Cl2 at rt and PPTS (216 mg,
0.860 mmol, 150 mol %) was added. The reaction mixture was stirred at rt for 48 h.
Column chromatography (10% to 100% EtOAc in hexanes gradient) isolated TBS ester
102 (50.8 mg, 0.0851 mmol, 15%) and acid 101 (174 mg, 0.361 mmol, 63%) as tan
amorphous solids.
Characterization data for tetracyclic acid 101 (with 78% ee):
'H NMR (500 MHz, CD3CN, 65 *C
6 7.95 (d, J = 9.0 Hz, 1I), 7.31-7.28 (m, 2H), 7.19 (t, J = 7.5 Hz, 1H), 6.64 (br s, 1H),
6.18 (br s, 1H), 4.13 (d, J = 5.5 Hz, 1H), 3.15 (br s, 1H), 2.21 (d, J = 13.0 Hz, 1H), 2.07
(ddd, J= 15.0, 7.5, 7.5 Hz, 1H), 1.73 (s, 9H), 1.69-1.65 (m, 1H), 1.51 (s, 9H), 1.47-1.44
(m, 1H), 1.04 (t, J= 7.5 Hz, 3H).
3C NMR (125 MHz, CD3CN, 65 *C
6 173.7, 152.4, 150.8, 137.3, 136.2, 128.9, 128.1, 124.9, 122.6, 121.2, 120.9, 119.6,
115.8, 114.9, 85.0, 81.3,46.7,43.4, 32.8, 30.1, 28.2,28.1, 27.6,13.1.
HR-MS (ESI) m/z calcd for C27H34N20 6 [M-H]-: 481.2344, found 481.2335.
IR (thin film, NaCl): 2976, 2933, 1741, 1706, 1663, 1455, 1393, 1371, 1332, 1313, 1255,
1217, 1145, 1122, 756 cm-1.
BocN H NaOEt, HN HH EtOH H
CO 2H rt, 95% CO2H
BocN 1 Et BocN Et
101 103
To bis-Boc tetracycle 101 (155.4 mg, 0.322 mmol, 100 mol %) in EtOH (8 mL)
was added a 21wt% solution of NaOEt in EtOH (0.78 mL, 1.93 mmol, 600 mol %). The
reaction mixture was stirred at rt for 63 h. It was then concentrated. Column
chromatography (80:15:5 hexanes/EtOAc/AcOH) isolated indole 103 (117 mg, 0.306
mmol, 95%) as a tan amorphous solid. The following characterization data is given for
the intermediate with a 78% ee.
'H NMR (500 MHz, CDC13)
6 8.60 (br s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.19 (t, J = 8.0 Hz,
1H), 7.12 (t, J = 7.5 Hz, 1H), 6.58 (br s, 1H), 5.46 (br s, 1H), 4.25 (d, J = 5.0 Hz, 1H),
3.31 (br s, 1H), 2.22 (dt, J = 12.0, 2.5 Hz, 1H), 2.12-2.08 (m, 2H), 2.05 (dt, J = 12.5, 3.5
Hz, 1H), 1.52 (s, 9H), 1.06 (t, J= 7.5 Hz, 3H).
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3C NMR (125 MHz, CDCl3)
8 179.5, 153.2, 136.6, 135.1, 126.3, 123.0, 121.3, 120.6, 120.5, 119.0, 112.3, 106.2, 82.3,
46.9, 43.3, 33.5, 30.4, 29.5, 29.0, 28.9, 28.1, 14.0.
HR-MS (ESI) m/z calcd for C22H26N20 4 [M+Na]*: 405.1785, found 405.1782.
IR (thin film, NaCl): 3319, 2971, 2933, 1707, 1653, 1456, 1395, 1337, 1312, 1153, 1038,
855, 742 cm-'.
a]2D- -86.8 (c = 0.73, CHCl3)-
1) (COC)2, cat. DMF
HN OH *C to rt HN BOH
BocN O H B BocN ---BoN~ Et pyr, CH2CI2, rt o  - E
103 75%, 3: dr at C16 109
To acid 103 (26.9 mg, 0.0702 mmol, 100 mol %) in CH 2Cl 2 (1.5 mL) was added
DMF (1.36 [tL, 0.0176 mmol, 25 mol %) at rt. The mixture was then cooled in an ice/
H2 0 and (COC) 2 (106 [tL, 0.211 mmol, 300 mol %) was added. The cold bath was
removed and the reaction mixture was stirred at rt for 30 min. The solvent was then
removed by an Ar stream and the crude acid chloride was kept under vacuum for 30 min.
It was then redissolved in CH2Cl 2 (1.5 mL) and bromoethanol (22.4 [tL, 0.316 mmol, 450
mol %) followed by pyr (17.0 [tL, 0.215 mmol, 300 mol %) was added. The reaction
mixture was stirred at rt for 1 h. It was then partitioned between hexanes and H2 0 (20 mL
each). After washing and separating, the organic layer was dried over Na 2 SO 4 , filtered,
and concentrated. Column chromatography (15% to 20% EtOAc in hexanes) isolated
ester 109 (25.6 mg, 0.0523 mmol, 75%) as a colorless amorphous solid. The following
characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz. CDCl3)
6 8.50 (br s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.27 (d, J = 8.5 Hz, 1H), 7.15 (t, J = 7.0 Hz,
1H), 7.05 (t, J = 8.0 Hz, 1H), 6.52 (br s, 1H), 5.41 (br s, 1H), 4.59 (app pentet, J = 6.0
Hz, 1H), 4.46 (app pentet, J = 6.5 Hz, 1H), 4.20 (d, J = 5.0 Hz, 1H), 3.66-3.56 (m, 2H),
3.21 (br s, 1H), 2.18 (app d, J = 12.5 Hz, 1H), 2.01 (dt, J = 12.0, 4.0 Hz, 1H), 1.96 (app
pentet, J = 7.5 Hz, 1H), 1.88 (app pentet, J = 8.0 Hz, 1H), 1.49 (s, 9H), 1.04 (t, J = 7.5
Hz, 3H).
13C NMR (125 MHz. CDC13)
8 173.8, 153.2, 136.5, 134.8, 126.4,122.9, 121.2, 120.5, 120.3, 118.7, 112.2, 106.7, 82.2,
64.9, 46.8, 43.3, 33.6,30.4,29.1,29.0,28.0, 14.0.
HR-MS (ESI) m/z calcd for C24H29BrN 204[M+Na]*: 511.1203, found 511.1217.
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IR (thin film, NaCl): 3355, 2968, 2932, 1744, 1685, 1654, 1456, 1393, 1338, 1312, 1152
cm-.
La]22 -104.0 (c = 0.13, CHCl3)-
HN H .1)(COC)2, cat. DMFH 0 T to rt H
B C2 2) :OH
Et pyr, CH2C12, rt, 60% BocN - Et
103 115
To acid 103 (37.7 mg, 0.0986 mmol, 100 mol %) in CH2Cl2(2 mL) was added
DMF (1.91 [tL, 0.0247 mmol, 25 mol %) at rt. The mixture was then cooled in an ice/
H2 0 and (COCl) 2 (0.051 mL, 0.591 mmol, 600 mol %) was added. The cold bath was
removed and the reaction mixture was stirred at rt for 45 min. Another portion of (COCl)2
(0.051 mL) was added and the reaction was stirred for a further 30 min at rt. The solvent
was then removed by an Ar stream and the crude acid chloride was kept under vacuum
for 30 min. It was then redissolved in CH2Cl 2 (2 mL) and allyl alcohol (60.5 pL, 0.887
mmol, 900 mol %) followed by pyr (47.7 pL, 0.591 mmol, 600 mol %) was added. The
reaction mixture was stirred at rt for 1 h. It was then partitioned between hexanes and
H 20 (40 mL each). After washing and separating, the aqueous layer was extracted with
hexanes (40 mL). The combined organic layers were dried over Na2SO 4 , filtered, and
concentrated. Column chromatography (75% to 100% CH 2Cl2 in hexanes to 10% EtOAc
in CH 2 Cl2 ) isolated allyl ester 115 (24.8 mg, 0.0587 mmol, 60%) as a colorless
amorphous solid. The following characterization data is given for the intermediate with a
78% ee.
'H NMR (500 MHz, CDC13 )
8 8.43 (br s, 1H), 7.33 (d, J = 8.5 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.15 (t, J = 7.0 Hz,
1H), 7.05 (t, J = 8.0 Hz, 1H), 6.52 (br s, 1H), 6.41-5.99 (m, 1H), 5.44-5.40 (m, 2H), 5.31
(d, J = 10.5 Hz, 1H), 4.23 (app dq, J = 13.5, 6.0 Hz, 2H), 4.18 (d, , J = 5.0 Hz, 1H), 3.21
(br s, 1H), 2.17 (dt, J = 12.5, 2.5 Hz, 1H), 2.03-1.86 (m, 3H), 1.49 (s, 9H), 1.03 (t, J = 7.5
Hz, 3H).
3C NMR (125 MHz, CDC13)
8 173.8, 153.2, 136.5, 134.7, 132.7, 126.5, 122.8, 121.0, 120.8, 120.2, 119.7, 119.0,
112.1, 107.1, 82.1, 66.3, 47.1, 43.4, 33.6, 30.5, 29.5, 29.0, 27.9, 13.8.
HR-MS (ESI) m/z calcd for C25H30N20 4 [M+Na]*: 445.2098, found 445.2090.
IR (thin film, NaCl): 3363, 2966, 2932, 1742, 1690, 1654,1456, 1377, 1337, 1311, 1273,
1152, 743 cm-.
[a]22 = -160.0 (c = 0.30, CHC 3)-
290
TBSO 1) (i) NH3 in EtOH, TBSO
Et i(-iPr)4 , reflux
2) Boc2O, CH 3CNC N 72%H 0  HH ONHBoc
98 127
To silyl enol ether 98 (73.9 mg, 0.194 mmol, 100 mol %) in a 2M solution of NH3
in EtOH (1 mL, 2 mmol, 1000 mol %) at rt was added Ti(Oi-Pr)4 (0.12 mL, 0.388 mmol,
200 mol %). The resulting mixture was heated to 60 *C for 5 h. It was re-cooled to rt and
then to 0 *C. NaBH4 (9.0 mg, 0.233 mmol, 120 mol %) was added and the mixture stirred
at rt for 1 h. It was then diluted with CH 2Cl 2 (2 mL) and saturated aqueous Na/K L-
tartrate solution (2 mL). The biphasic mixture was stirred vigorously at rt for 15 h.71 It
was the partitioned between H20 and CH 2 Cl2 (40 mL each). After washing and
separating, the aqueous layer was extracted (2 X 20 mL of CH2Cl2). The combined
organic layers were dried over Na2SO 4 , filtered, and concentrated. The crude amine (pale
yellow amorphous solid) was redissolved in CH 3CN (2 mL) and Boc 20 (0.05 mL, 0.213
mmol, 110 mol %) was added. After stirring for 1 h at rt, the reaction mixture was
concentrated. Column chromatography (10% EtOAc in hexanes) isolated amine 127
(67.2 mg, 0.139 mmol, 72%) as a yellow amorphous solid. The following
characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDCl3 )
8 8.55 (br s, 1H), 7.72 (d, J = 7.5 Hz, 1H), 7.27 (d, J = 9.0 Hz, 1H), 7.12 (t, J = 7.0 Hz,
1H), 7.03 (t, J = 7.0 Hz, 1H), 4.87 (br s, 1H), 4.74 (d, J = 7.0 Hz, 1H), 4.64 (br s, 1H),
4.04 (d, J = 6.5 Hz, 1H), 2.37 (ddd, J = 11.5, 5.0, 5.0 Hz, 1H), 2.14-2.09 (m, 214), 1.83 (q,
J = 12.0 Hz, 1H), 1.52-1.42 (m, 11H), 0.95 (t, J = 7.5 Hz, 3H), 0.78 (s, 9H), 0.14 (s, 3H),
0.00 (s, 3H).
3C NMR (125 MHz, CDCl,)
8 157.5, 156.9, 136.7, 136.1, 128.1, 122.4, 121.9, 119.6, 111.2, 103.8, 80.8, 49.4, 45.9,
41.8, 41.4, 36.2, 29.1, 28.1, 26.6, 19.1, 13.1, 0.0, 0.0.
HR-MS (ESI) m/z calcd for C2sH 42N20 3Si [M+H]*: 483.3037, found 483.3035.
IR (thin film, NaCl): 3336, 2957, 2930, 2858, 1700, 1636, 1506, 1463, 1367, 1250, 1166,
841 cm-.
a2D -146.9 (c = 0.31, CHCl 3)-
71 Shi, J.; Manolikakes, G.; Yeh, C.-H.; Guerrero, C. A.; Shenvi, R. A.; Shigehisa, H.; Baran, P. S. J. Am.
Chem. Soc. 2011, 133, 8014.
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TBSO 0
TBAF, AcOH
., Et 0 *C, 78% Et
HH NHBoc NHBoc
127 123
To silyl enol ether 127 (543 mg, 1.125 mmol, 100 mol %) in THF (14 mL) at 0 *C
was added the buffered TBAF mixture (made from mixing TBAF (IM in THF, 1.70 mL,
1.70 mmol, 150 mol %) and AcOH (0.150 mL, 2.53 mmol, 225 mol %) dropwise. After
stirring at 0 *C for 45 min, 20 mL of H20 was added and the reaction mixture was
allowed to warm to rt. It was then diluted with Et2O (75 mL) and H20 (80 mL). After
washing and separating, the aqueous layer was extracted with Et2 O (2 x 25 mL). The
combined organic layers were dried over Na2 SO 4 , filtered, and concentrated. Column
chromatography (25% EtOAc in hexanes to 50% EtOAc in CH 2Cl 2) isolated ketone 123
(323 mg, 0.875 mmol, 78%) as a colorless amorphous solid. The following
characterization data is given for the intermediate with a 78% ee.
'H NMR (500 MHz, CDC 3
6 8.61 (br s, 1H), 7.78 (d, J = 7.5 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.18 (t, J = 7.5 Hz,
1H), 7.13 (app t, J = 7.0 Hz, 1H), 4.96 (q, J = 6.5 Hz, 1H), 4.78 (d, J = 7.0 Hz, 1H), 3.66
(d, J = 7.5 Hz, 1H), 2.64-2.56 (m, 3H), 2.33-2.31 (m, 1H), 2.20 (d, J = 19.5 Hz, 1H),
2.08-2.04 (m, 1H), 1.72-1.62 (m, 2H), 1.53 (s, 9H), 1.03 (t, J = 7.5 Hz, 3H).
"C NMR (125 MHz, CDCl3
6 217.2, 157.3, 136.8, 135.2, 129.0, 127.7, 123.1, 121.0, 120.6, 111.7, 81.1, 46.5, 45.7,
42.5, 41.6, 41.2, 35.0, 29.1, 28.4, 13.1.
HR-MS (ESI) m/z calcd for C22 H2sN 2O3 [M+H]*: 369.2173, found 369.2176.
IR (thin film, NaCl): 3305, 2925, 2855, 1682, 1518, 1456, 1246, 1156 cm-.
La22= -107.1 (c = 0.30, CHCl 3)-
0 cI-" %O
Et i) LDA EtQ1-I" ii) H
H -HBoc Cl HC
123 <12%at50% 124
conversion
To HNi-Pr 2 (0.07 mL, 0.5 mmol, 400 mol %) in THF (2 mL) at -78 *C was added
n-BuLi (2.60 M in hexanes, 0.2 mL, 0.5 mmol, 400 mol %). The resulting solution was
stirred at 0 *C for 20 min. It was re-cooled to -78 *C and ketone 123 (46.0 mg, 0.125
mmol, 100 mol %) was cannulated in 1 mL of THF. The mixture was stirred at -78 *C
for 60 min. Chloroacetyl chloride (0.05 mL, 0.6 mmol, 500 mol %) was then added. The
mixture was stirred for 30 min at -78 *C. It was then quenched at this temperature with
the addition of 5 mL of H 20. After warming to rt, the reaction mixture was partitioned
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between 40 mL of H20 and 40 mL of Et2O. After washing and separating, the aqueous
layer was extracted (2 X 20 mL of Et 2O). The combined organic layers were dried over
Na2SO 4 , filtered, and concentrated. Column chromatography (98:2 hex/Et3N to pack
followed by 25% Et2O in hexanes flush, then 25% to 60% Et2O in hexanes gradient)
isolated 124 (5 mg, 0.01 mmol, 12%) as a colorless amorphous solid.
0
0 HQ Br OBr
NaBH4, MeOH, H Et3N, DMAP, CH 2 C12  O H EtSEt 0 IC N Et 34%35% RSM NE
H HBoc H H HNocNHBoc NHBoc
123 129, 54% + C17epimer, 46% 130
To ketone 123 (118 mg, 0.320 mmol, 100 mol %) in MeOH (5 mL) at 0 *C was
added NaBH 4 (72.2 mg, 1.91 mmol, 600 mol %). The reaction mixture was stirred at 0 *C
for 60 min. it was then quenched by pouring into 30 mL of satd. aq. NaHCO 3 solution,
diluting with 30 mL of Et20. After washing and separating, the aqueous layer was
extracted with CH 2Cl2 (2 x 30 mL). The combined organic layers were dried over
Na2 SO 4, filtered, and concentrated. Column chromatography (15% to 20% EtOAc in
hexanes) isolated 129 (63.7 mg, 0.172 mmol, 54%) and its C17 epimer (59.3 mg, 0.160
mmol, 50%) as colorless amorphous solids.
A mixture of 129 (63.7 mg, 0.172 mmol, 100 mol %) and Et3N (0.1 mL, 0.7
mmol, 400 mol %) in CH2Cl2(3 mL) was placed in a water bath. Bromoacetyl bromide
(0.045 mL, 0.52 mmol, 300 mol %) was then added followed by DMAP (21.0 mg, 0.172
mmol, 100 mol %). The reaction mixture was stirred at rt for 30 min. The solvent was
then removed in vacuo. Column chromatography (98:2 hex/Et 3N to pack followed by
20% EtOAC in hexanes flush, then 20% to 40% EtOAC in hexanes gradient) isolated 130
(29.1 mg, 0.0592 mmol, 34%) as a colorless amorphous solid, along with recovered 129
(22.0 mg, 0.0594 mmol, 35%). The following characterization data is given for the
intermediate with a 78% ee.
'H NMR (500 MHz. CDCl3)
8 8. 58 (br s, 1H), 7.50 (d, J= 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.16 (app t, J = 7.5
Hz, 1H), 7.09 (app t, J = 7.5 Hz, 1H), 5.80 (br s, 1H), 4.89 (br s, 1H), 4.79 (d, J = 6.5 Hz,
1H), 3.50 (q, J = 12.5 Hz, 2H), 3.39 (br s, 1H), 2.31-2.25 (m, 3H), 1.94-1.87 (m, 2H),
1.80-1.74 (m, 1H), 1.69-1.45 (m, 1 1H), 0.99 (t, J= 7.5 Hz, 3H).
13 C NMR (125 MHz, CDC11
8 166.8, 157.5, 136.7, 127.7, 122.8, 122.6, 120.1, 119.5, 111.8, 111.6, 83.2, 79.9, 45.8,
43.8, 41.3, 40.1, 38.4, 30.0, 29.1, 27.0, 26.9, 13.4.
HR-MS (ESI) m/z calcd for C24H31BrN 204[M+H]*: 491.1540, found 491.1519.
IR (thin film, NaCl): 3387,2959,2927, 1700, 1507, 1457, 1367, 1282, 1249, 1165 cm-1.
ta]2D= -85.3 (c = 0.29, CHC 3)-
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X-Ray crystallographic data for 65:
The sample is saved on MIT's Reciprocal Net server as sample X8_10071. All
thermal ellipsoid images were generated using Ortep-3 for Windows v. 2.02. all
displacement ellipsoids are scaled to 50% probability.
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Table 1. Crystal data and structure refinement for X10071.
Identification code x 10071
Empirical formula C25 H28 N2 06 S
Formula weight 484.55
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2(1)
Unit cell dimensions a = 8.1341(7) A
Volume
Z
Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected
Independent reflections
Completeness to theta = 32.030
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter
Largest diff. peak and hole
b = 16.3278(15) A
c = 8.8819(8) A
1126.73(17) A3
2
1.428 Mg/m3
0.190 mm-1
512
0.20 x 0.15 x 0.15 mm 3
2.40 to 32.03*.
- 12<=h<= 12, -23<=k<=24, -13<=l<= 13
54641
7785 [R(int) = 0.0327]
100.0 %
Semi-empirical from equivalents
0.9720 and 0.9630
Full-matrix least-squares on F2
7785 / 54 / 321
1.064
RI = 0.0277, wR2 = 0.0767
RI = 0.0286, wR2 = 0.0774
0.02(3)
0.360 and -0.212 e.A-3
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a= 900.
b= 107.223(2)*.
g = 90*.
Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for X10071. U(eq) is defined as one third of the trace of the orthogonalized Ui tensor.
x y z U(eq)
0(1)
0(2)
S(1)
C( 1)
C(2)
C(3)
C(4)
N( 1)
0(3)
0(4)
C(5)
C(6)
N(2)
C( 1l)
C(12)
C(13)
C(14)
C(15)
C(16)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(30)
C(31)
C(27)
C(28)
0(5)
C(32)
4405(1)
5964(1)
5252(1)
6921(1)
6594(1)
7838(1)
9387(1)
10708(1)
10316(1)
12129(1)
9763(1)
8493(1)
3840(1)
4341(1)
4950(1)
5438(1)
5257(2)
4643(1)
4206(1)
3648(1)
4998(1)
4641(1)
2849(1)
1583(1)
-337(1)
-1190(2)
-1085(2)
-1063(1)
277(1)
529(1)
-295(2)
9625(1)
8348(1)
9121(1)
9692(1)
10503(1)
10940(1)
10554(1)
11024(1)
11702(1)
10711(1)
9761(1)
9319(1)
8977(1)
8618(1)
7810(1)
7441(1)
7854(1)
8655(1)
9059(1)
9950(1)
10459(1)
11053(1)
11334(1)
10991(1)
11008(1)
11850(1)
12385(1)
10423(1)
9729(1)
9465(1)
8684(1)
3983(1)
3740(1)
3116(1)
2708(1)
2211(1)
1768(1)
1866(1)
1406(1)
825(1)
1618(1)
2413(1)
2823(1)
1390(1)
116(1)
294(1)
-910(1)
-2314(1)
-2485(1)
-1268(1)
-1496(1)
-1952(1)
-3029(1)
-3903(1)
-3098(1)
-4000(1)
-4337(1)
-2907(2)
-3005(1)
-2517(1)
-926(1)
-982(1)
22(1)
21(1)
16(1)
15(1)
17(1)
17(1)
15(1)
18(1)
32(1)
23(1)
18(1)
17(1)
16(1)
16(1)
21(1)
24(1)
24(1)
20(1)
15(1)
14(1)
18(1)
19(1)
20(1)
16(1)
17(1)
22(1)
28(1)
18(1)
15(1)
17(1)
25(1)
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C(33)
0(6)
C(33A)
C(29)
-212(3)
-281(1)
-1115(7)
1935(1)
8336(1)
9026(1)
8522(3)
10077(1)
-2502(2)
-3482(1)
-2758(5)
-2775(1)
23(1)
23(1)
22(1)
14(1)
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Table 3. Bond lengths [A] and angles [*] for X10071.
O(1)-S(1)
O(2)-S(1)
S(1)-N(2)
S(1)-C(1)
C(1)-C(6)
C(1)-C(2)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-N(1)
N(1)-O(3)
N(1)-O(4)
C(5)-C(6)
C(5)-H(5)
C(6)-H(6)
N(2)-C(1 1)
N(2)-H(2N)
C(1 1)-C(16)
C(11)-C(12)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-C(21)
C(2 1)-C(22)
C(21)-C(29)
C(21)-H(21)
C(22)-C(23)
1.4348(8)
1.4315(8)
1.6376(9)
1.7708(10)
1.3930(13)
1.3948(13)
1.3883(14)
0.9500
1.3883(14)
0.9500
1.3847(13)
1.4740(13)
1.2233(13)
1.2258(12)
1.3941(14)
0.9500
0.9500
1.4364(13)
0.869(13)
1.4009(13)
1.4018(14)
1.3834(16)
0.9500
1.3873(19)
0.9500
1.3914(16)
0.9500
1.3985(13)
0.9500
1.5198(14)
1.5252(13)
1.5284(13)
1.0000
1.3322(15)
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C(22)-H(22)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24A)
C(24)-H(24B)
C(25)-C(26)
C(25)-C(29)
C(25)-H(25)
C(26)-C(30)
C(26)-C(27)
C(26)-H(26)
C(30)-C(3 1)
C(30)-H(30A)
C(30)-H(30B)
C(31)-H(31A)
C(3 1)-H(3 IB)
C(31)-H(31C)
C(27)-C(28)
C(27)-H(27A)
C(27)-H(27B)
C(28)-O(6)
C(28)-O(5)
C(28)-C(29)
O(5)-C(32)
C(32)-C(33)
C(32)-C(33A)
C(32)-H(32A)
C(32)-H(32B)
C(32)-H(32C)
C(32)-H(32D)
C(33)-O(6)
C(33)-H(33A)
C(33)-H(33B)
O(6)-C(33A)
C(33A)-H(33C)
0.9500
1.5053(15)
0.9500
1.5236(14)
0.9900
0.9900
1.5296(14)
1.5308(14)
1.0000
1.5302(15)
1.5330(14)
1.0000
1.5223(16)
0.9900
0.9900
0.9800
0.9800
0.9800
1.5427(15)
0.9900
0.9900
1.4235(12)
1.4320(12)
1.5424(14)
1.4355(12)
1.485(2)
1.543(4)
0.9900
0.9900
0.9900
0.9900
1.4143(18)
0.9900
0.9900
1.344(4)
0.9900
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C(33A)-H(33D)
C(29)-H(29)
0(2)-S(1)-O( 1)
0(2)-S(1)-N(2)
0(1)-S(1)-N(2)
0(2)-S(1)-C(1)
O(1)-S(1)-C(1)
N(2)-S(1)-C(1)
C(6)-C(1)-C(2)
C(6)-C(1)-S(1)
C(2)-C(1)-S(1)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-N(1)
C(3)-C(4)-N(1)
0(3)-N(1)-0(4)
0(3)-N(1)-C(4)
0(4)-N(1)-C(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(1)-C(6)-C(5)
C(1)-C(6)-H(6)
C(5)-C(6)-H(6)
C(1 1)-N(2)-S(1)
C( 11)-N(2)-H(2N)
S(1)-N(2)-H(2N)
C(16)-C(1 1)-C( 12)
C(16)-C(11)-N(2)
C(12)-C(11)-N(2)
0.9900
1.0000
120.10(5)
109.09(5)
105.63(5)
107.28(5)
109.11(5)
104.59(4)
121.60(9)
119.81(7)
118.54(7)
119.41(9)
120.3
120.3
118.16(9)
120.9
120.9
123.36(9)
118.71(9)
117.92(9)
123.90(10)
117.90(9)
118.20(9)
118.13(9)
120.9
120.9
119.28(9)
120.4
120.4
120.79(7)
114.6(10)
109.5(10)
121.02(9)
121.00(8)
117.97(9)
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C(13)-C(12)-C(1 1)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(15)-C(16)-C(1 1)
C(15)-C(16)-C(21)
C(1 1)-C(16)-C(21)
C(16)-C(21)-C(22)
C(16)-C(21)-C(29)
C(22)-C(21)-C(29)
C(16)-C(21)-H(21)
C(22)-C(21)-H(21)
C(29)-C(21)-H(21)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24A)
C(25)-C(24)-H(24A)
C(23)-C(24)-H(24B)
C(25)-C(24)-H(24B)
H(24A)-C(24)-H(24B)
C(24)-C(25)-C(26)
C(24)-C(25)-C(29)
C(26)-C(25)-C(29)
119.67(10)
120.2
120.2
120.36(10)
119.8
119.8
119.58(11)
120.2
120.2
121.58(10)
119.2
119.2
117.69(9)
118.87(9)
123.44(8)
110.31(8)
113.57(7)
107.33(8)
108.5
108.5
108.5
124.52(9)
117.7
117.7
124.33(9)
117.8
117.8
109.36(8)
109.8
109.8
109.8
109.8
108.2
118.37(8)
109.35(8)
102.77(8)
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C(24)-C(25)-H(25)
C(26)-C(25)-H(25)
C(29)-C(25)-H(25)
C(25)-C(26)-C(30)
C(25)-C(26)-C(27)
C(30)-C(26)-C(27)
C(25)-C(26)-H(26)
C(30)-C(26)-H(26)
C(27)-C(26)-H(26)
C(3 1)-C(30)-C(26)
C(3 1)-C(30)-H(30A)
C(26)-C(30)-H(30A)
C(3 1)-C(30)-H(30B)
C(26)-C(30)-H(30B)
H(30A)-C(30)-H(30B)
C(30)-C(3 1)-H(3 lA)
C(30)-C(3 1)-H(3 1 B)
H(31A)-C(31)-H(31B)
C(30)-C(3 1)-H(3 IC)
H(3 1A)-C(3 1)-H(3 IC)
H(31B)-C(31)-H(31C)
C(26)-C(27)-C(28)
C(26)-C(27)-H(27A)
C(28)-C(27)-H(27A)
C(26)-C(27)-H(27B)
C(28)-C(27)-H(27B)
H(27A)-C(27)-H(27B)
O(6)-C(28)-O(5)
O(6)-C(28)-C(29)
O(5)-C(28)-C(29)
O(6)-C(28)-C(27)
O(5)-C(28)-C(27)
C(29)-C(28)-C(27)
C(28)-O(5)-C(32)
O(5)-C(32)-C(33)
O(5)-C(32)-C(33A)
108.6
108.6
108.6
116.87(9)
101.25(8)
116.32(9)
107.2
107.2
107.2
116.20(9)
108.2
108.2
108.2
108.2
107.4
109.5
109.5
109.5
109.5
109.5
109.5
105.03(8)
110.7
110.7
110.7
110.7
108.8
106.20(8)
110.17(8)
112.39(8)
110.48(8)
112.40(8)
105.27(8)
107.70(8)
102.97(10)
104.06(16)
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C(33)-C(32)-C(33A)
O(5)-C(32)-H(32A)
C(33)-C(32)-H(32A)
C(33A)-C(32)-H(32A)
O(5)-C(32)-H(32B)
C(33)-C(32)-H(32B)
C(33A)-C(32)-H(32B)
H(32A)-C(32)-H(32B)
O(5)-C(32)-H(32C)
C(33)-C(32)-H(32C)
C(33A)-C(32)-H(32C)
H(32A)-C(32)-H(32C)
H(32B)-C(32)-H(32C)
O(5)-C(32)-H(32D)
C(33)-C(32)-H(32D)
C(33A)-C(32)-H(32D)
H(32A)-C(32)-H(32D)
H(32B)-C(32)-H(32D)
H(32C)-C(32)-H(32D)
O(6)-C(33)-C(32)
O(6)-C(33)-H(33A)
C(32)-C(33)-H(33A)
O(6)-C(33)-H(33B)
C(32)-C(33)-H(33B)
H(33A)-C(33)-H(33B)
C(33A)-O(6)-C(33)
C(33A)-O(6)-C(28)
C(33)-O(6)-C(28)
O(6)-C(33A)-C(32)
O(6)-C(33A)-H(33C)
C(32)-C(33A)-H(33C)
O(6)-C(33A)-H(33D)
C(32)-C(33A)-H(33D)
H(33C)-C(33A)-H(33D)
C(21)-C(29)-C(25)
C(21)-C(29)-C(28)
29.17(19)
111.2
111.2
84.2
111.2
111.2
133.5
109.1
110.9
134.7
110.9
28.2
83.9
110.9
84.8
110.9
129.5
27.7
109.0
104.52(12)
110.8
110.8
110.8
110.8
108.9
32.1(2)
108.76(18)
108.90(9)
104.9(3)
110.8
110.8
110.8
110.8
108.8
110.55(7)
118.96(8)
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C(25)-C(29)-C(28) 105.32(8)
C(21)-C(29)-H(29) 107.2
C(25)-C(29)-H(29) 107.2
C(28)-C(29)-H(29) 107.2
Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103) for X10071. The anisotropic
displacement factor exponent takes the form: -2p 2[ h2 a*2 U" + ... + 2 h k a* b* U12 ]
U" U 22 U 33 U23 U13 U12
0(1)
0(2)
S( 1)
C( 1)
C(2)
C(3)
C(4)
N(1)
0(3)
0(4)
C(5)
C(6)
N(2)
C( 1)
C(12)
C(13)
C(14)
C(15)
C(16)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(30)
C(31)
C(27)
C(28)
0(5)
C(32)
26(1)
23(1)
17(1)
16(1)
15(1)
17(1)
16(1)
20(1)
31(1)
18(1)
19(1)
19(1)
15(1)
13(1)
20(1)
21(1)
20(1)
20(1)
13(1)
15(1)
15(1)
19(1)
20(1)
16(1)
17(1)
24(1)
29(1)
15(1)
15(1)
17(1)
29(1)
26(1)
18(1)
17(1)
16(1)
16(1)
16(1)
16(1)
18(1)
21(1)
24(1)
17(1)
16(1)
18(1)
16(1)
16(1)
17(1)
24(1)
23(1)
17(1)
16(1)
21(1)
22(1)
19(1)
16(1)
18(1)
20(1)
21(1)
22(1)
17(1)
20(1)
25(1)
17(1)
19(1)
13(1)
12(1)
17(1)
18(1)
14(1)
17(1)
48(1)
28(1)
18(1)
17(1)
15(1)
16(1)
24(1)
31(1)
27(1)
18(1)
15(1)
13(1)
18(1)
20(1)
20(1)
14(1)
15(1)
23(1)
35(1)
18(1)
12(1)
13(1)
19(1)
1(1)
6(1)
3(1)
0(1)
1(1)
1(1)
-1(1)
-1(1)
12(1)
0(1)
1(1)
1(1)
2(1)
-1(1)
0(1)
-7(1)
-10(1)
-5(1)
-1(1)
0(1)
-2(1)
-1(1)
3(1)
0(1)
1(1)
2(1)
-5(1)
1(1)
0(1)
1(1)
2(1)
11(1)
4(1)
5(1)
3(1)
3(1)
2(1)
5(1)
7(1)
19(1)
10(1)
8(1)
7(1)
4(1)
3(1)
2(1)
2(1)
6(1)
6(1)
4(1)
5(1)
6(1)
9(1)
7(1)
4(1)
4(1)
7(1)
11(1)
5(1)
3(1)
5(1)
6(1)
2(1)
0(1)
1(1)
-1(1)
1(1)
1(1)
-1(1)
-2(1)
2(1)
0(1)
3(1)
2(1)
0(1)
-2(1)
-1(1)
0(1)
1(1)
0(1)
0(1)
-1(1)
-4(1)
-5(1)
-3(1)
-2(1)
0(1)
5(1)
0(1)
-1(1)
-3(1)
-5(1)
-11(1)
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C(33)
0(6)
C(33A)
C(29)
29(1)
34(1)
20(3)
13(1)
17(1)
18(1)
25(2)
16(1)
21(1)
16(1)
19(2)
12(1)
0(1)
-3(1)
1(1)
0(1)
6(1)
4(1)
4(2)
3(1)
-4(1)
-10(1)
-8(2)
-1(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)
for X10071.
x y z U(eq)
H(2)
H(3)
H(5)
H(6)
H(2N)
H(12)
H(13)
H(14)
H(15)
H(21)
H(22)
H(23)
H(24A)
H(24B)
H(25)
H(26)
H(30A)
H(30B)
H(31A)
H(31B)
H(31C)
H(27A)
H(27B)
H(32A)
H(32B)
H(32C)
H(32D)
H(33A)
H(33B)
H(33C)
5528
7636
10856
8698
3189(18)
5026
5899
5551
4517
3534
6175
5578
2539
2800
1762
-479
-655
-2419
-1713
-1599
123
-2194
-1202
-1502
331
-1184
555
872
-1196
-957
10752
11490
9524
8769
9408(9)
7517
6903
7592
8934
10163
10345
11317
11141
11940
11280
10736
12152
11770
12121
12921
12456
10204
10706
8747
8334
8703
8253
8028
7965
7943
2177
1407
2505
3177
1133(18)
1236
-773
-3154
-3451
-476
-1433
-3259
-5009
-3912
-2070
-5040
-5038
-4924
-2252
-3258
-2291
-3631
-2066
-971
-84
-425
-497
-2358
-2957
-3018
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H(33D)
H(29)
-2361
2052
8648
9826
-3079
-3765
308
26
16
Table 6. Hydrogen bonds for X10071 [A and *].
D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
N(2)-H(2N)...O(4)#1 0.869(13) 2.382(13) 3.1871(12) 154.1(13)
N(2)-H(2N)...O(5) 0.869(13) 2.385(14) 2.9731(11) 125.3(12)
Symmetry transformations used to generate equivalent atoms:
#1 x-1,y,z
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J. H and "C NMR Spectra
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